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ABSTRACT
This report {3 a manual for using the two computer programs:
1. "Unbalance Response of a Rotor in Fluid Film Bearings"

2. "The Stability of a Rotor in Fluid Film Bearings"

The report gives the analysis on which the programs are based, and the in-
structions for preparing the computer input and for interpreting the computer

output.
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SYMBOLS

Cross sectional area of shaft, inz
Major and minor axis of ellipse, {in (or: 1lbs, lbs.in)

Influence coefficients for shaft section, see Eqs.(4) to (7)
Radial bearing clearance, inch |

Bearing damping cogfficient for translatory whirl; 1bi.sec/£n
Bearing damping coefficients for conical whirl, 1lbs.in.sec/radian
Youngs modulus, lbn.inz

Rotor mass eccentricity, inch

x-and y-components of besring reaction, lﬁt.

Cross-sectional moment of inertia of shaft,

(I between stations n and (n+l)) in?

Polar mass nouentzof inertia of a rotor mass, lbn.in.aecz
(in input: 1lbs.in")

Transverse mass moment of inertia of a rotor mass, lbn.;n.cecz
(in input: lbs.tnz)

Bearing spring coefficients for translatory whirl, 1lbs/in.
Rotor stiffness, lbs/in

Length of shaft section between station n and (ntl), inch
Bclrinz lcngfh, inch T o

Rotor length, inch v _

Bending moment (!4n to th; left, u; to the right of station n)lbs.in.
x and y-components of pedestal mass, lba.ouczltn (in input: 1lbs).

Total rotor mass, l.bo.uczltn

Mg,%",,m Bearing spring coefficients for conical whirl, lhs.in/radien

m

RR

Mass at rotor station n, lbc.lcczltn (in input: lbs)

x and y-components for force transmitted to base, lbs.
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l"/uﬁ

X

Y

Time, seconds

Ccsine and sine-zomponents of unbalance, lbs.sec2 (in inputioz.ir)
Shear force (Vn to the right of station n),lbs.

Bearing reaction, lbs.

Components of the rotor amplitude, fnch (in output: mils)
Coordinate along length of rotor, inch.

Phase angle between amplitude radius vectqr'and unbalance
see Fig. 5, radians

Angle between major axis and x-axis, see Fig. S5, radians

Pedestal damping coefficients for conical whirl, lbs.in.sec/rad.
%{ ) %{ ) components of the slope of the deflected rotor,rad.
Pedestal spring coefficients, lbi/in.

Pedestal damping coefficients, lbs.sec/in.

Angular speed of rotor, radians/sec.

Critical rotor speed, radians/sec.

Subscripts and Superscripts

X

Y

XX, X4,4%, 4y
c

S
n

P
¢

in x-direction

in y-direction

first index gives force direction,second index gives amplitude
direction.

cosine component

sine component —

applies to station n

pedestal

relative between journal and pedestal

vii




INTRODUCTION

A rotor supported in fluid film journal bearings i{s a complex dynamical syst
which exhibits a variety of physical characteristics: critical speeds, insta
ility, unbalance vibrations, etc. In designing a rotor-bearing system for &
given application it is necessary to have methods available from which these
performance characteristics of the system can be predicted and thereby ensur
that the design is adequate for the specified operational condiftions. It i1
the purpose of the present report to describe two compﬁter programs by which
a particular rotor-bearing system can be investigated. The_first program:

"Unbal#nce Re#ponse of a Rotor in Fluid Film Be#rings" calculates the whirl
amplitudes induced by a specified unbalance. The serond program: ""The Stabi
of a Rotor in Fluid Film Bearings', calculates the threshold of instability

for the rotor-bearing system.

In the dynamics of a rotot;beartng system the fluid film journal bearings pl
a very importadt role. They are normally the predominant source of damping
such that without this source it would be impossible to run the rotor thrdug
any of its critical speeds. Secondly, the bearing (ilm is flexible and thex
it may lower tne critical speeds drastically. The film flexibility also cau
the bearing to act as a vibration isolator, attenuating the dynamical forc
transmitted to the pedestals. Finally, if the speed gets sufficiently high
the bearing film looses its ability to dampen out any transient motion of tk
rotor and transfars instead energy from the rotation of the rotor into a wk
ing motion of the rotor mass. This is called fractional frequency whirl

("oil whip") and is a self-excited instability of the rotor bearing systenm.
speed at the onset of the instability is called the threshold speed and as !
rotor speed is increased beyond the threshold speed the whirl amplitude inci
rapidly, preventing furthér operation of the machine. It is, therefore, nec
at the design stage to ensure that the seiccted rotor-bearing sysiem dois ¢
‘experience }nstahility in the operating speed range. Likewise, it is also ¢
sirable to evaluate the magnitudg of the rotor amplitude due to a residual ¢
balance such that too large amplitudes will not be cuéountorcd in the actual
machine. The two computer progran; described in the present report provide

method for performing these calculations.
1
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The unbalance response program is very general. It calculates the rotor whirl
amplitude and the force transmitted to the base due to a given rotor unbalance.
The rotor is flexible and may have any arbitrary geometry. Also, there can be
splined couplings in the rotor and several bearings. The bearing pedestals can
be assigned both flexibility and damping. Since the bearing film forces are
not the same in all directions the whirl motion of the rotor is treated as two-
dimensional such that it becomes an orbit around the equilibrium position. The
orbit is elliptical and its dimensions and orientation vary along the length of
the rotor. The computer program calculates the whirl orbits for a number of

points along the rotor and gives also the components of the force transmitted

to the foundations.

The program for investigating the stability of the rotor-bearing system applies
to an arbitrary rotor geometry. There may be several bearings and the stiffness
and damping of the bearing pedestals can be included. The program calculates

the speed at onset of instability (the threshold speed) and the corresponding
whirl frequency.

In both programs, the dynamic properties of a fluid film bearing are expressed
in terms of 8 coefficients: 4 spring coefficients and 4 damping coefficients.
The coefficients depend on the bearing type, the bearing dimensions, the vis-
cosity of the lubricant, the bearing losd and the rotor speed. The values of
the coefficlents are given in a previous report (Ref. 6) for a wide variety
of bearing types, geometries and operating conditions.

The report sets forth the analyses on which the computer programs are based.

Detsiled instructions are given for preparing the computer input and for inter-
preting the output. .




DISCUSSION

4. General

The computer programs determine the intersaction between the bearings and the
rotor. The unbalance response program is concerned with the synchronous
amplitude of the system under the action of unbalance forces and the stability
program is concerned with the free, self-excited motion at the onset of hydro-
dynamic instability ("oil whip'). Whereas the dynamic properties of the
bearings derive from lubrication theory (Ref. 4), the analysis of the rotor it-
self derives in its principle from the Myklestad-Prohl mefhod (Refs.l, 2, 3).
However, in its original}form,the Myklestad-Prchl method is set up only for
caléulating the critical speeds of the rotbr and is further limited to plane "
vibrations. In the present analysis the motion is treated as two-dimensional,
damping.is 1nc1uded:}n the bearings: in addition to stiffness and the analysis
is valid for any speg’; not‘just the critical apegd.

In general a rotor's cross-sectional dimensions and its mass distribution varies
along the length of the rotor. Thus, fur calculation purposes it is conven-
ient to break the rotor up into short sections, each section having a constant
cross-section. Furthermore, when there are many sections, the mass of each
section can be divided into two parts and lumped at the end points of the sectic
Concentrated masses like wheels, impc¢llers, etc., can be made to coincide with
an end point of a section. In this way the rotor is rcplaced by an idealized
model cons:sting of a number of mass points connected by weightless, flexible
bars. The model can be brought as close to ths actual rotor as desired by mak-
ing the subdivisions small but in practice only a limited number of divisions
is needed to obtain a very good accuracy.

Since the bearing film properties to s large extent control the whirl motion
and the stability of$the rotor, it is necessary to represent the dynamical bear-
ing film forces as aécﬁtately as possible. The method of representation is
based on the ncnu-ptioh that the whirl amplitude is small compared to the bear-
ing clearance such that the dynamical forces éau be replaced by their gradients
around the steady state journal center position. In this way the dynamical
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forces become proportional to the whirl amplitude and to the corresponding
velocity, and the factors of proportionality are called spring and damping
coefficients. They differ from conventional mechanical spring-dashpot systems

by also containing cross-coupling terms in addition to direct-coupling terms, {i.e.,
the dynamical force in a given direction (say the x-direction) is not only pro-
portional to the amplitude and velocity components in that direction but is also
proportional to the amplitude and velocity components in the mutuslly perpen-
dicular direction (i.e., the y-direction). Hence, in an srbitrary reference
coordinate system with x and y-axds the two dynamical force components can be

expressed by:

F'=°K"X-C"x.-k',|1'_Cm,q
Py ==K = G = Ky 4y = Cyy §

vhere x and y are the amplitude components, x and y are the velocity components
Kxx and Kyy are the direct coupling spring coefficients, Cxx and ny are the
direct-coupling damping coefficients, ny and ny are the cross-coupling spring
coefficients, and ny and ny are the cross-coupling damping coefficients. These
8 cosfficients are functions of the bearing Sommerfeld number defined through

the rotor speed, the steady state bearing reactions, the lubricant viscosity and
the benfing dimensions (for gas bearings the coefficients are functions of the
coupressibility number, the bearing eccentricity ratio and the whirl frequency).
Thus, the coefficients vary with speed. A method for calculating the coefficients
is given in Refs. 4 and 5 and values of the coefficients for several besring

types may be found in Ref. 6.

Frequently the padestals, on which the bearings sre mounted, are as flexible as
the bearing film. In such cases, the pedestal stiffness must be included in the
calculations. Por completeness the analysis allows for both stiffness, damping
and inertia in the pedestals. Furthermore, as the rotor bends under the in-
fluence of the unbalance forces, the journals become cocked in their bearings.

The fluid film resiststhe tilting and this cau be o:pw by a set of 8 spring
and damping coefficients in analogy to the previously discussed coefficients.

The unbalance response snalysis includes this effect, both in the bearings and in
the pedestals. The resistance to tilt normslly affects the rotor motion only at
speeds above the second or third critical speed but if the pedestals are made

&




soft for alignment purposes resonance conditions hay exist which can only be
explored if the effect of tilt is included. For the stability analysis this

effect is in almost all cases very small and it has been ignored.

Occasionally the rotor is not a single member but consists of several rotors
connected by splined couplings (e.g., a turbine-generator set connected by

a spiinec coupling). The unbalance response program allows for including
splined couplings anywhere in the rotor and assumes that no bending moment is
transferred throughbthe coupling. This feature is not included in the stability

program.

In the unbalance response program the whirling motion of the ‘rotor is generated

by unbalances built into the rotor. In general the unbalance varies in magnitude
and circumferential location along thg rotorsuch.that under speed the unbaiance
forces may bend the rotor into complicated shapes (e.g., resembling a "cork-screw')
The bend‘rotor‘whirls nrodnd its steady state position (i.e., the position the
rotor would occupy if there were no unbclnnc§ forces) with each point of the rotor
axis deacribing an elliptical path. The dimensions and crientation of the ellipse

varies along the length of the rotor.

If the rotor runs at high épéed and has large disks (e.g., turbine vwheels, etc.)
mounted on the shaft the gyroscopic moment becomes important, especially if a
wheel is overhung at one end of the rotor. The gyroscopic moment is proportional
to the mass-moment of 1nertta'of the wheel, the square of thcvlpeed and the de-
flection angle of the rotor. If the rotor motion is considered as a'tfanaverse
vibration of a beam (i.e., the whirl orbit is s straight line) the gyroscopic
moment tends to ''soften” the rotor and lower the critical speed. On the other
hand, if the Ben:ing iprihg andrdanping coefficients are the same in the vertical
and the horizontal direction the rotor whirl orbit becomes a circle and the gyro-
scopic moment stiffens the rotor. Actually, the whirl orbit is slliptical, {.s.,
somevhere between a straight line and a ctrc1¢,<and the effect of the gyroscopic
moment can only be assessed by performing the complete rotor analysis. It is a
non-linear effect since it depends on the dimensions of the elliptical whirl orbit.
In the present analysis the gyroscopic moment is takeua into account in the un-
balance response program and is calculated by an iteration procedure.

S




b. cigl nsider ons in Performin cgl Cglculgtions

The greatest difficulty encountered in performing the numerical calculations
is the magnitude of the numbers and the loss of significant figures. These

difficulties become pronounced when: a) there is an excessive number of rotor

mass stations, b) the rotor is very stiff and, c) the bearings are very stiff.

There is no universal remedy for the problem but if trouble arises two possi-

bilities may be tried: a) reduce the number of rotor stations to the essential

atnimum and, b) apply a scale factor.

Let the scale factor be A ., Then:

multiply the speed by A.
multiply (EI) by o (e g., multiply E by ot )
multiply the bearing spring and damping coefficients by d‘
(t.e., multiply K, oC_, M_, D etc. by at )
multiply the pedestal stiffness by o® and the pedestal
damping coefficients by Q.

(1.e., multiply ¥y and Wy by &, & and 4y by & )
leave the rotor masses, the rotor length, the pedestal masses
and the unbalance unchanged.

The numerical results will give the amplitude uanchanged wheress the bending
moment and the transaitted force must be divided by «* to obtain the sctual
values.

< 8 e

Referring to the sign convention given in Fig. 2 and considering first s con-
tinuous rotor the three basic equations for determining the rotor motion are:

(1-a) Porce balance for a shaft incresent, #% ¢ g' gAﬁ}(!M’

(2-a) Moment balance for a shaft anrmnt.‘l' ﬁ" V"“‘(‘p"i')g

(3-s) Shaft deflection: . M= El'gi

vhere: - amplitude in vertical direction, iach

y - emplitude in horisontsl directios, imch

PRV
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(1P-it)

w
M

v .

.

coordinate along the rotor length, inch

eccentricity between mass center and shaft center, inch
cross-sectional area of shaft, inz

cross-section moment of inertia, 1n"'

Youngs modulus, lbsli.n2

mass density, lbs.uczlin‘. : -
mass moment of inertia per unit length, which is effective in
gyroscopic moment, llm.uc2 |

angular speed, radians/sec

bending moment, lbs. m

shear force, lba.

For the stability analysis set a = 0 and redefine ® to mean the whirl frequency

These three equations may be combined to give the familiar 4th-order differen-

tial equation governing the unbalance vibrations of a rotor:

(4-a)

1 (EI‘ dz‘) yAw’(xm) tw f [Gpip) 9z £ ]

- and the same for the y-dire'ctton.

(see Ref. 3, page 330)

For a circular whirl orbit:

(‘p‘%)’fI

For s straight line orbit: .

(it )= ~01

l’or an elliptical whirl orbit, see Eq.(28) and (29) in thi.s toport.

At the bearings there is an abrupt change i~ the shear force and the bending

(5-a)

(6-a)

‘moment due to the bearing reactions. Let ¢ bearing be at & = . n:?i:

Vig ~Vergg = {lq_-o-f«;(..)x-(l(.,-n’u(.,)g

Mo =My = (Mot icoDloe ) + (Mg +itDiy )y

T T I ‘ e ]
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vhere Kxx' C <’ Hxx’ Dxx etc., are the bearing spring and damping coefficients.

x
Actually, the effect of the pedestai should be included in the sbove equations

as shwon in Eq. (12) and (13) in the analysis.

The anumerical method uses Eqs. (l-a), (2-a) and (3-a) by rewriting them into

finite difference form:

'\

w‘(gA az) (x+a)

aM: Vaz + [Gy-ip)az] ()
3/~ 3

A(}{).: E g'-‘% dz

- .
ax= (Faz+ E-tI'-dzlz

Together with Eqs. (5-a) and (6-a) these cquatioJl form a set of recurrence
relationships which can be solved step by step, starting from cne end of the
rotor until reaching the other end. The details are given later.

Occasionally it is desired to perfcrrm a dimensionless analysis. The two

governing quantities are: ¢

2+ (ED), | K
(7-a) @, lt”r Mf

| N (39)
K= 5

(8-a)

where: ) 2
(R1) - reference value of BI, lbs.in

Y ] - rotor span between dearings, inch
L f: AAdZ, total rotor mass, 1bs.sec?/1n
k. - rotor stiffnass, lbs/in '
@ - aqual to or proportionsl to a criticsl rotor speed, rad/ssc.
Por s uniform nh’ft (EI = constant, A = Constant): i
2. ' - 4
“% 773 r My
8
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where n designates the order of the critical speed. Thus, for the first mode:

an=1 {.e.,

2,4
(EI).:' 1’%!' EI= 2.4674 -ET (Uniform shaft, first mode)

However, it 18 not necessary that ® be a critical speed but Eq. (7-a) must

be satisfied.

The dimensionless parameters become:
x'= X/a,
z'= 2/¢
(EI)= ET/(€T),
V V/d.kf
M'z= M/a,k
. _ Kn K,,,/K,. %)(Cm)(%’)
(@)= e/, (23)(B) (@5
e e ) e o
(gAY = LoA/ty
(i)' (L, () /M L

where:
a, - reference value for the :o:¢; mass eccentricity, inch
Co - reference value for the radii% bearing clegrnnce, inch
C - actual radial bearing clearance, inch
“o - reference value for the bearing reaction, lbs. .
W - actual bearing reaction, lbs.
L - bearing length, inch '{

The dimensionless béatiqg coefficients are given the form above since the values
obtained from lubrication theory are éx*x/w, cmcxx/w. stc. Normally, a dimen-
sionless analysis is only performed for a simple system where all hesrings are
identical, i.e. C = co and W = "o' In that case the basic dimensionless

parameters are:

speed ratio: (::* )
dimensionless rotOr stiffness: l' - CK n

dimensionless bearing coefficiontl' Cl N Ot IH (!5 z((ll I‘ﬂ.z)otc. ‘

9
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Thus, to

input to

Then the

perform a dimensionless calculation for a given value of K;'ule as

the unbalance response computer program:

Speed = ((‘—3—) /.10671976
no |

m
Mass at station { = # 3.86069-105 (o=station weight, lbs;
P | n=number of stations)

(1.-1
(I-L) at station i = _.E_‘_ZI) 3.8606910°
My

Cross-sectional moment of inertia for sectior L-(i+l): lOOO-I/Io
Young modulus = 1
Length of section i-(i+1) = 2 /3
: cK
Bearing spring coefficient = g ('T'KE) |
- ,

L cuC
Bearing damping coefficient = .5 ("i'x'&)
r

n n
Unbalance such that: {:Ux(o:.ln) = §177.1 i:!ly (oz.in) = 6177.1

computer cutput will give:

saplitude = f“ and i-'
o o

s
-a ] ’
bending moment = M' = H/aoxrl - H/EQMK r

- s
transaitted force = (actual force) ,‘o‘t » (actual force)/ E"Ht"_

10




COMPUTER PROGRAM: _ UNBALANCE RESPONSE OF A ROTOR IN FLUID FIIM BEARINGS

This section of the feport describes the basic analysis and the detailed in-
structions for using the computer program: PNOO1l: "Unbalance Response of a
Rotor in Fluid Film Journal Bearings' for the IBM 704 digital computer. The
program calculates the rotor deflection and bending moment, the pedestal de-
flectiog and the transmitted force resulting from a specified rotor unbalance.
It differs from convéntional programs by taking into account the variation of

support flexibility and damping along the whirl path of the rotor.

The supports for the rotor consist of a fluid film bearing on a pedestal, both
members possessing flexibility and damping for translatory and rotational motion,
The flexibility and damping are linear in displacement and velocity respectively,
the proportionality factors denoted as :ﬁring and damping coefficients. The
fluid film is represented by 4 spring coefficients and 4 damping coefficients

for translatory motion and similarly for rotational motion, thus allowing for
coupling between the motion in two sutually perpendicular directions. The
pedestal has no suchlcoupling and i{s represented by 2 spring and 2 damping
coefficients for both traﬁslatoty and rotational motion with corresponding
pedestal mass and mass moment of inertia. Hence, each point of the rotor will

vhirl in an eltiptic path around its steady state position.

.In addition, the program includes the effect of gyroscopic moment and provides
for couplings in the rotor.

0! L LYS

The analysis is an extension of the Myklestad-Prohl nnﬁhod. see Ref. 1, 2 and
3. The rotor, which is actually a continuous systems with an infinite number

of degrees of freedom, is replaced by a finite number of lumped masses conn-

ected by weightless springs. The computer program calculates the vibrational
response of this equivalent system exactly.

1
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Thus the accuracy of the results depends only on how closely the

idealized system resesbles the actual rotor. v
Starting from the left end of the rotor, the program calculates step
by step the bending moment, shear force, slope and deflection along

_ the rotor. Neglecting the shear force contribution to the deflection,
we get from Fig. 1:

M M'm Ma+ LaVa

2 Qae = Ont QnMn +baa

™ Xml = Xn +LyOnt chr‘*daVn
where:
(bj Qn / E% L‘"f for EI constant {in 0 < § <L
(5) f_g_f_ L‘; ” "
ba = ] 2. L
(6) Cl‘l - Ln a bnl ? " "
D o= Laba- i‘_d_f._L " "

6EI

} o
The program assumes EI constant between msss polntl; At the msss
points, the forces acting on the rotor sre iantroduced, PFour contrib-
utions exist: (1) inertia force, (2) unbalance forces, (3) bearing

reaction, and {4) gyroscopic moment. In ..cural, not all & countridb-
utions apply to each mass point,

Inertia force. The rotor performs harwonic vibratioms at ths sams
frequency as the rotational spesd. Thus the {mertia force is:
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(8) -m 2L = mwix
Jt?
PL 2
9 - -
(9) m‘—)—}'z-—?ﬂwlf

Unbalance forces, To allow for change in circumferential position of

the unbalance along the rotor, the unbalance is given two components
u, and U, . This gives rise to an X and ycomponent of the unbalance

force:

inb = szxCGJUt -wzu.,s('na)t ‘

100 (Vin= Vi)

(11) (Vq,n- V,,nu)""*‘ .u)zu, coswt + wldx sinwt

Bearing reaction. The tearing supports have flexibility and damping

for both translatory and rotational motion of the rotor. Since the
equations for the two types of motion are analogous, only the equat-

ions for translatory motion will be derived.

The bearing support is shown in Fig. 3. It consists of a pedestal
with mass (Mu,Ma,), supported by springs (l‘g,!,) and dashpots
((.,(, ). There is no coupling between the X and 3 direction, i.e,
no transfer impedance, nor between the translatorv and rotational
motion. The pedestal supports the bearing fluid film which is rep-
resented by 4 springs and 4 damping coefficients. If the relative
motion between the journal center and the bearing housing is denoted

(X‘, g'), then the bearing reaction becomes:

(2 (Vxn'vx,ll’l)w: "KuX'- Clxx..' Kﬂ‘s"' Cx,s

(%n' Vit hearing = = KygxX '-C‘t‘i - KyyY "'.,C” gy l

Setting: | . ' .
X' =X coswt +x5 sinwt

‘j' = y'c Cos wit + g; sinwt,

we get from Newton's second law for the pedestal mass:

13 .
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(Kie * =" Mox )X 1+ 0 (Cox +6x)Xs + Key q'c +wa,q',‘(sz-kfl“-.x))waGXs
(13) -w(Cmo’,)X'c + (Ku *‘&rd%x)x; 'UCxq‘fc‘ + Kxg V‘s = =w0z xc*‘&’“fmo:)xs

quXc' + v(},,x‘g (r(.ﬂ +i.,-u’M.).{¢' +0(Cyy+6y) y e (,‘,-wzmv)gcw)gg,
- w&frxc' +Kyx X 5 ‘h)(C” Hfi) ‘J;f ( Kigy *aq‘h’"’q)‘-).f‘“‘; et (l\"“’zmva)'és

Solving the equations we obtain:

(Vin - v,,,..)...,;" (-aVex Xc ;A VixXs-aVesyc -aVarys) cos wit
(14) | + (AVuxc'AVuX,*Aw‘gg_-A\é.v,)su'.udt

[V.,.'V.,,... - -(-AVc,k-Aqus-AV-,g‘-AVq c‘,) coswt

+ (Vi X maVeyXs +8 My y, -2 Voy 4, ) sinwt

vhere:

AVox = Ky f +wCug +Kn‘ §+ wWCiyr

aYox ==Kagd +0) o F - Ky ¥ +wCug

AVx = Kuh + WCni +Koy s + wWCayt
(s) 4Véx =Kail +wlah Kyt +wlys

aVey = Kph+wlpi tiysrwlyt

AViy o= Ky it wlp h - Kyt w'c.“s

BVey * Kyrf +w Gy q + Kyg +w Gy

A Vay = —Kyeq ¢w Crf - Kigyr +0Cyg,

14




and:

4,GE+FD
: F'I*Gl

hs.é.l.t—F-H
F"l*él

Fs= H’Kugg"‘wC"yR
H"KX’S waa!T

ad+be
S. 28rEe

A= Kot he-wMor
D* Ae-wMes

@ =Kyy + Ry -w’ My
ds x,-wzm.,
¢=-4@f-Rq

s» S-Qh-Ri

B= w (Cux +63)

.E-wdi

bew(Cy+ay)
e = wdy
re=-Q@q+Rf

t-‘-‘l’-aifﬁh

The equations for rotational motion are analogous to eq. (14)except for
a sign reversal (sign convention, see Fig. 2):

(M;‘Mlg)ﬁ.\"‘ (2MaxO; + A Myx8s + AMcx @, + aMux @) caswt

(16)

+ (-0Muche +8 Max 5 = AMur @, + 8 Mcx s ) sinwt

(Myn-My = (8MeyBc +aMay6y +4Mayg), + 8 Mg s ) cosut
+CaMy Oc + AMcy Bs <4 Mug §c + & Mey 5 ) Sinwt

15




where the coefficients AMA,,AMM etc. are computed from eq. (15)
as aMamaVax | aMyx = 4Vix etc. by replacing the tramslatory
spring and damping coefficients by the corresponding rotational co-
efficients.

Since the fluid film coefficients are functions of speed, direccly
through the Sommerfeld number and indirectly through the decrease of
eccentricity ratio with increasing speed, the computer program prove-
ides for expressing the coefficients as a functiom of speed, e.g.

(18) le = le,d + KM"“ + Kll.g .m‘

and similarly for the other coefficients. () 1is the rotor speed in
radians/sec.

Gyroscopic Moment., The gyroscopic moment derives from the change of

the angular momentum vector of the rotating rotor mass as it whirls
in an elliptical path around the steady state position of the rotor.
For two special cases the gyroscopic wmoment is knowm:

circular whirl path: M“'. = (r,-rr)u‘a,
(19)

straight line (trangsverse vibrations): M"’ s -Ir w36

vhere # is the slope of the rotor deflaction sad Ip and Iy are the
polar and transverse mass momentsof inertia. For an elliptical puth
the gyroscopic moment is no longer linear with reepect to the glope of
the rotor, indicating that an elliptical path is sctually not possibdble.
Bowever, in general the effect of the gyroscopic msmeat is not too

big and for the present snalysis an elliptical peth will be assumed.

The coordinate system is shown in Pig. 4, where O fs the steady state

shaft center position and O’ is the vhirling shaft center. The moving
coordinate system (§,7,5) 1s defined by its wait vestors:

16




- gie'e*  p/fa%Fer
=\ Air

(04
1

(20)

n(r{!%;f T ) ,
et . et ) = )

The angular velocity vector becomes:

@ D (wywhhws) = (€re5,65e, yEgen) (%%,%f(%%f))

The moment needed to sustain the motion is given by Eulers equations:

Mg - I,JS, + (gr’lr)d);w,
29 Mgy =TI, + (L,-Tr) wywy

My = I, wg
where I dsnotes mass moment of inertia and I,-I,.,r,-r,- and Iy 21, ,
Let us first assume that (X,Y) corrupﬁnd. to the directions of the

major and minor axis in the elliptical variation of the rotor slope.

Therrs

6, = E cos (wtea)

(23)
?.' G 5;‘\ (wt’“)

Combining eq. (20), (21) nnd (22):‘

-M. s -Trwi¢ ¢ I, 0! EG[zEG é-id—-— ]

(2“ ) (al‘ #) ’0"«'
My® -Tr 0’6, * Lw E({zEE Tyt f,—f;;— ]

vhich clearly shovs that the gyroscopic momsnt is not linear with

respect to the rotor slope. However, only the first harmounic can do
17
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work on the rotor. Hence a Fourier analysis will be performed.

foliowing integrals apply:

27

§ing cosXx éx
Elcos's + Gisin'x 0

S

g

f‘éﬂl'.&w—s =0
E'cos’x +G%inx)

S—

i 4

—sin®x dx &
E *cos™ +&’sin%x G(E+6)
o ‘w
% X - .
(E*cosu+6inx)*  E6G
Fi 4
L a
£ cos™x + & Yink

ar
ra
dr rle4ed)

(e ostarlsiny)t T E36°

"

Then the firsc harmonic becomes:

“My= (“3—,5—5'1"1'7) w'd,
(24) 26
M' = (m Ip"If) w’oa

In the limit, eqs. (24) agree with eqs. (19).

The

Eqs. (24 must be transformed back to the actual (44)-coordinate

system. Setting

O Occaswt ¢ Ossin wt
(25) '
¢ Peceswt ¢+ P;s sia wt

18




describing an elliptical variation of slope, we get:

A e I ATy o)

(26) Cos zp = 9:: + 931 12‘ ‘P:
V(8 +62- 4% 4)'+ 4(8.4+84,)*
sin s . )

V@601 4)) + 4 (Bb 4B

where ﬂ is the angle from the position x-.xu to the major axis E, pos-
ition in the same direction as&w . Then:

6 = G cosB +Psinp
,(" --0 sinp‘f(pr

(27)

Substituting &q. (26)-(27) into eﬁs. (24) gives:

(28) My = (Man - Men)ogrr w28Miy I, &I,.]caswti»w’[ZAMm,I,%I,]smwt

29 - My = (Mya-My), "® wiamey I @ [] cosut +w'[uMal'p'f,r,] sinwt

vhere

o +®s) (895~ 65 %
a0 aMy = BBt

(31) AMgy =

(G +ds)'+ (654 )2

Sin:;eq. (28) and eq. (29) are not linear, an iterative method is-
used. For each rotor speed, the program performs a nusber of iterat-
fons. The first iteration is done without gyroscopic moment. After
the first iteration, the gyroscopic moment is calculated from eq. (28)-
(29) and these values are used in the second iteration and so on. The
calculation has converged when the relative change in rotor amplitude
and slope between two iterations is smaller tham a specified limit.

19




EQUATIONS FOR ROTOR CALC.LAT[ON

The bending moment, the shear force, the slope and the deflection are

expregsed by:
My = Mi. coswt + Mas sinwt
Ve = Vie coswt + Vg sinwt
0 = Oc coswt+ Os sinwt

X = Xecoswt+ Xe Sinwt

and sgimilarly for the y-dinction. Then eq. (1), (2),7 (3, (8, (9,
(10), (1), (14), (16), (17), and (29) may be combined to give the
equations used in the rotor calculation (see Pig. 2):

Mecn® Mucx +&MaznBen+ dMurnBon + 4Mcniln +4Mas fon + (Mm Macn)eyro
Muysa ® Musa = 8 Muxnent AMmGsn'AMdn?uﬂMm‘Pu*( Mam~ Mm),
Mycas M.,,,.. +8 MeynBen+0 M..'.e,mm..,.%nmww(mw-m,,)m
Mysn = Mysa =2 Mo Gn +4 Mg au'AM.Y.?‘.Man(P,.i'(M.'".‘_-M.,,..).,,.
Vi ® Vn,.-.*[m.w'-tvm] Xea™ 4 ViemXgn ‘4\/-.«;‘. “VamYsa + w?lxu

(32) Visn ® Vise * 8Vin Xen # [Mmaw™= 4 Vown] Yon *4 VamYen=AVemon = * Uya
Vs =Yy = Vo Xea = 0 Voo # (a0 -4 Vo] o =4 Vign gam 40"l

‘ u ® Wenaas ¥ OViga Xen =8 Veyr Xon +8Vopfon ${ et aVaun] ou #0 Uan

Macae? Mrea + LV

Mnbg MIM ¢ Lla Vm

20




— - an—————

- m—a

M,c,n? Ml +LaVyem

Mpar® Mysn +LaVym

Beurt™ Gen + G Mrta + bu Vien
Bsme® Gin + Qn Mysa +baVosa
Beinn ™ o # 8 M # bV
Pomn® Pyt AuMipn + baVim
Xc,..;_. *® Xen+ LnBca +ba Mr'c;\ + dVien
Xsuei® Xm # L Gon +baMem + daVeen

9¢‘~|: l.j“ 4Lu»*ﬂ + LnM:ps qu*.
| Ys v * '19- *Ln?,.# k\Mﬂ;u "‘\\‘,‘u

In the aBovc equations 2,, bn, dn are given by eq. (4), (3) and (7),
Mo, aMpm --~=-—--0Mdya and 4Vam, AVign =~ece- 4Vdyn by eqs. (15) and

] . .
(Mao Mucn ), === (Mya=Musa ),,, by q. (28)-(29).
Boundary 'Conditiono. - The rotor is assumed to have free ends. No loss in
generality occurs by this condition since it may be changed by letting
the end points have bearing support. A proper choice of support coef-
ficients will then allow for amy type of end conditions. .

For a rotor with free ends the bending moment and the shear force are
gero st the end: ' )

(33) My . Musi = My » Mysi® K1 ® Vigy® Viger * Wyt = )
G Mur ® Mise® Myt = My = Uy = Visr® Yyor *Ygar ® 0
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Starting from the left end of the rotor (see Fig. 2), eq. (33) is used, -
However, the slope and the deflection are unknown., Using the super-
position principle, each unknown is spplied separately. A summstion

gives the combined effect., Ten calculations are performed, using eqs.

(32).

1. 8 =1 651" Ri® By 2Xei® X ®Yu* Y302 Upu UGl 0
. b mi Ber @ Tt s By X 2 K51 = Y, =, = Una= a0
. Qurl O =8y afyy mXam¥yy == Y = Unllp=0
4. @, =1 i 26y, =¥, = Yo =gy = Ye) =Yy =Uyn =thp=0
5. Xa= B =05 =t =4du=As =Qa=Qs|v=W~'\=u1-'-0
6.  Xuz| Be1 =6y =G =R =X =Yoo =Uwm =il =0
7. , Yei® | 8ci = 0u =R =i =X =X =Ys1 =lhra SUw=0
3. (*'11“- | . 6. =64, =?.. =@ =Xa=ka =4u='llu=U1.=0
9. UmsUm  Uyalya be: =0 =Y =Py, X =X Y =Y5, = 0

10. Gyroscopic moment applied 6 =4, =‘f¢n=¢u=x¢i=x”=¢ﬁ=uh =Up =l 20

‘For each calculation iq-. (32§ are used to calculate the berding mom-
ent, the shear force, the slope and the deflection along the rotor.
the right rotor end, stationr, eq. (34) must be satisfied, {i.s.

At

( Meri Mgrz-eem-- Murs | r&'ﬂ f-Mn'f, ’ "IW'tf,uﬂ
Mx;r,: [T S— My:u:l 16 -Méx f ’M{’" 1
| TR P S— My 3 Y ’M,U,! ~Mycv 10
(35) ¢ M Myszs-=-z=- Mrs | [ | o & =Mysw, g - pMyswso
Vurn  Wemeooeeeo Veer, s Yo “Vur, 4= Vyer,i0
T S P——— T W =Vrer, ¢ -Vysv 10
Vet Vaugrooeaaee Vot Y “Wer, 4 -Vyer, e
B ey | U R C Ry

Eqs. (35) are then solved for &o.&--—"-‘fn, and the sctual vslues of
bending moment, shear force stc, along the rotor cam be determined.
Ar a given rotor speed, eqs. (35) are first solved without gyroecopic
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[}
moment, i.e. chma"““? W;r;/fo. Then the gyroscopic moment is

applied according to eq. (28)-(29) and new values are found for

81,85, ==~ Ysy from eqs. (35). This process is repeated until at
the k'th iteration:

-4 4 ST
8 6"+ 103 0, el 8L 9 e --ooo- syl |

J6
(36
) [9 ’l+les"|+|€R“."|+ _______ H"m, E‘.'"

where Eg,. is the convergence limit specified by the compufer input.

If the calculaticn does not converge within a specified number of iter-
ations, the program goes on to a new rotor speed,

In the computer output, the rotor deflection is given by tte dimensions
of the elliptical whirl path. We have: '

X= Xecoswt + Xssinwt
37

Y= Ye .w,sut + L’,sin wt

As shown in Fig. 5, the (x,q)-coordimtc system is rotated an angle -

in the same direction asw to become (x.,q, ). Then

X, =acos(wtra)

Y =bsin(wtta)

(38)

vhere @ and b are the major and minor axis

respectively of the ellipse.
From Fig. S5:

X = xcos'a +q:iuP
- '_/ Y, = -xsinp ty Cosp

Then:

e b(F \/ éi(&‘ox.’wé,q,‘)*v‘ (X:*Xs'-q:-q:gll(&*m‘hyI )
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Here it is necessary to allow b to become negative. The reason is that the ~rans-
tormation from the x-y-coordinates to the ellipse must be able to discern be-
tween forward and backward whirl (i.e. the shaft center may traval in the same
direction or in the opposite direction of the direction of rotation depending 5
on the values of X.s Xg0 Y and y'). Let th> angle between the x-axis ard

the instantaneous radius vector be

Y:'l’an”(%)
Then: .. . . m[x Ys=XsY ‘

| x4t x4y’
1.e,
(xc‘f‘-x‘q‘) >0 : ‘O'V.f‘ whirl
(nq,-x,;,‘)(o : Im?kwml whirl
(&q,-y,q‘)?o : sfm,l.t tine orbt (bz0)
Therefore: ’

w b= R angeyteg) - Voo g

To find d and B expand Eq.(38)

(a) acoset * X 03B+, Sind
(b) —asina® X 05 + 4 Sinp
(c) b sina =X, Sinp +yccosp
(d) beosd ==Xy Sinf +y cosp
Then:

(o) ()+ () 2 % b= e eulte gl
(AT ) BT ) FRPAN SR (o= ~ul) on?p +2(x 44X 4,)sindp
Le. cos2p= M- sinzpr 2igovral
k)~ (c)(d) :  §(a-b") Sin2a = = (03 +igeq)
W@ (a8 w2 = x2-xdeod-od
ie. cos2d 3 ﬁ;ﬁﬁ;ﬁ shuz'&“%}ﬂ

Thus in total:

Next:
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el _yroyd
woy tonzf= Uxels tXada) | cos 2B =" "4?'-*—“‘

Xe +Xg = Ye*-Y,

- =2(X X5 ¥ L i) . _,=f~"4~z-x
@) tan 2d= fw coszd x——i‘,—:{rﬁ

Thus @ {s the angle from the positive X-axil.to‘the major axis of the
ellipse (positive withw) and & {s the phase ahgle for the radius
vector, measured positive from the maj.r axis in the direction of w .
The compufrer output gives a.,b, p and & for both the deflection ard the
bending moment,

Coupling Stations, The programs allow for couplings in the rotor. At
these gtations, the bending moment vanishes, i.e. M:\'O (the coupling
point s taken just to the right of the mass station). When the prog-
ram encounters a coupling station, say station /4 , the following

equations are set up:

p> - - - -

ey Mais-— Mo [ 8] [ Mg = M| [t] [ M + M
(42) | Moy Misiz - --Muiol | 6s] o - Mx':i,t -—- Ah'si,l Xa |_ Mfsi) + Misiy
M'ﬂ'.l ML oo M"iﬁ | P /‘ﬁd,.f - M,'ﬂ'.,ﬁ ({cc M(;d,f + M;a'.,ao
wal‘l Mysis ==~ =< Mysd] | Pu ﬂ;&;d - '-My'al,i } Ysi :‘f,'u’, + Mysiyto

d -t

or upon solviag
(43) 6= ayx +bi  ({,je1234)

vhere =6, 0,62 etc. and Xjoky ,Xy®Asi etc. Then the bending
moment, shear force, slope and deflection before the coupling station
become functions of Xei, X3, fe: and /s only. As an example, let
the shear force at a station be:

Vica = W 0cs * KB +Hhs #lofh +Vo Jes + Vi y + W lfer +Vaar# Vi +o

Introducing eq. (43) gives:
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Veen = [V., ta,V +a, Vo +ay Y, +a,V, ]xcn+ [V“f anv, +ay,Y, +Q,av3+a42v4]%‘

+ [Vv ta,V, "'at‘)vav +ayVy 4‘&.;%]%,"[% +a,Vv + “uvz“'auvz "’444\/4]‘}5:
+ (v +Vo+ bV, +b,Vy+ bVy + bV, ]

and similarly for sz,., vgcn ;vysn, M;g," == = ~Yq,.Instead of Bﬁ,q“?“ and %

we have as new variables the slopes just to the right of the coupling

station M, ie. &n,O¢m G, fsm.Then the calculation proceeds as be-

fore until either & new coupling station or the right end of the rotor

(44)

is reached.

Irensmitted Force and Pedestal Motion

Let the force transmitted to the pedestal at station N be denoted F.
From BEq. (12) it is seen:

V v“,. +”l..ﬁ)"x°‘ + Q}Ug"
(45) F V,M_, Vign + M, 0'X, = wtly,
F.,g Vieo = Voen T My Wy, + w0 Uy
F'1$ vyu-a v’u"’”'"w“’""' w' U.. .
Denoting the amplitude of the pedestal massms )(’ and l‘, (u. Fig. 3)
we get:
X. = Fec ~ihg
P =M urtiwg,
- Rc "C‘F
LT ,w‘::wdg
Feg (2, = My o) = Fieg wéy
(X-‘Ww‘)'-f(%)'

oo = Frcwéy +Fus (3 - Mrcw?)

r (s — My Pt (e F
(46) - _F“Qt_,-M,gg%-&,wg,

q?‘ (&-M’wl 'f(Cud,"

Yos Rgwdy, + Fys (g ~Myu?) -
' (“,‘M,W‘)l"(‘ﬂ‘,r tot

The force transmitted to the base becomes:
Py = X.X' "‘iwd' xp
Fy = 2y yp+iwd,

or
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X
[a)

= Fee + Modix,,

Prs = Frg + Myw!'x,
(47) P R

e * Fye + My Wy

Pis = Fys + My o'y
Energy Balance

Let the relative amplitude between rotor and pedestsl mass be X'=X"Xp

and g'= y-gr at a bearing station. Then the energy dissi-

pated in the bearing and the pedestal per revolution becomes:

Energy Dissipated =
8 f G 2+x2) + wGyy (ye gt + (w(..,-fw(.,)(x;q"ﬂ; y!)
= (Kay=Hoe) (X1 = 1) + 08 Ogtne) + iy i 4y ) |
+Ti{coDyy (07 ) +eoDy, (9 + @) + (wDyy +eobis Hel; tef §5)
= ("l,’ "'-,.)(9:‘?;‘9; ?:.) + &JJ, (°:¢ +9;:i)+‘067 (,;‘ t ?’t‘ ) }
A summation over all bearings gives the total dissipated energy.
At each unbalance station there is an energy input:

(49) Energy Insut: ﬂ'{ w‘U. (x,-q‘) "’(«}U’(){‘-}%) }

Summing over all unbalance itationn gives the total energy input
vwhich must equal the dissipated energy.

COMPUTER INPUT
The input data is prepared according to the folloui.ng instructions.
Note that, unless specifically stated, no input card may be omitted.

Card 1 and 2: (72 cols. Hollerith) Identification:- Any descriptive
text may be punchved in cols. 2-72. These two cards must always be
included.

Card 3: (10I5) Control parameters -

Word 1. Number of rotor mass stations - The number of mass stations is
deternined by the above considerations. Also, thers must be a mass
station at each rotor end, at each bearing, at each unbalance and at
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each coupling point. The mass at a station may be zero. The

maximum number of mass stations is 80. H

Word 2. Number of bearings - This integer denotes the total number of

bearings along the rotor. A maximum of 25 bearings is poassible.

Word 3. Number of unbalance stations - This integer gives the total
number of mass stations at which unbalance is spplied. A maximum of
80 unbalance stations is possible,

Word 4. Number of coupling stations - This integer gives ‘the total
number of coupling points. It cannot exceed 20.

Word 5. Pedestal flexible/rigid - If this integer is zero, the program
assumes the pedestal to be rigid for both translatory and rotational
motion and no pedestal data is included. 1f the integer is 1, the
pedestal has flexibility and damping and pedestal data must dbe provided.
Word 6. Support tilting - If this integer is icro, neither the bear-
ings nor the pedestals resist rotation. In that case, neither the
input for the bearing dynamic coefficients for rotational motion nor
the pedestal data for rotational motion can be included, If the

integer is 1, the bearings and the pedestals have flexibility and
damping for rrtational motion.

Word 7. Gyroscopic moment - If this integer is sero, no gyroscopic
moment is included in the calculation. If gyroscopic moment is
desired, the integer should be 1,

Word 8. Number of computations - It was indicated above that the eight
bearing parameters were dynamic coefficients and so could account for
the variation of parameters with running speed in an approximate manner,
However, {f a more precise representation of these parameters is des-
ired, these values can be entered esch time s new running speed is
designatéd, In order to facilitate this, there is provision in the
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program for entering only the bearing or bearing and pedestal data

and the corresponding running speed without re-entering the rotor,
coupling or unbalance data. Then this word 8 of the control para-
meters designates the number of sets of parameters which are to be run.
I1f this value is 1, the program assumes that the bearing data is being
entered as coefficients of quadratic equations in W . Note below that
the input format of the bearing data differs depending on whether this

value is equal to or greater than one.

Word 9. Diagnostic - If this integer is zero, no diagnostic will be
performed. A value of 1 will provide the diagnostic output: the

diagnostic increases the amount of output & considerable amount and
is provided primarily for use in trouble-shooting the program and so

this value should alway be zero.

Word 10. Input - If this integer is zero, the program will return to

read in aew set of input upon completion of the computation. For

the last s«t of input this value should be 1.

Card 4. (19451597)

Word 1 is Young' modulus E in lbs/inz. It is constant throughout the rotor.
Since the program never uses E by itself but always in the product EI
(I=cross-sectional moment of inertia) any actual variation in E can be

absorbed by changing I accordingly.

Word 2 is the scale factor for the determinant in the simultaneous equation
subroutine. In general this item i2 1.0. It is a factor by which the
determinant is multiplied to control computer over/underflow. The simul-
taneous equation subroutine is used 4 places in the program: oncc when
solving for the unknown end defiections (1.e¢.Eq.(35)) and 3 tim:s when solv-
ing for the unkown slopes in the coupling calculation (i.e. Bq. (42)). If
an over/underflow occurs during the calculation the program output will comn-
tain: "OVER/UNDERFLOW IN XSIMEQF AT _ _ (integer)" where the value of the
integer is 1 to 4. If it is 1, 2 or 3 the error is in the coupling cal-
culation. TIf it is 4 the error is in solving Eq. (35). Changing the scale-

i
factor may eliminate the trouble.
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If the determinant is singular the output gives: 'MATRIX 1S SINGULAR
IN XSIMEQF AT . _(integer)'. If either of the two eriors occur the

program proceeds with a new rotor spead.

ROTOR DATA

The rotor data will differ depending on whether the effect of the
gyroscopic moment is Included in the computation. For the case where
no gyroscopic moment is included; i.e. whkere word 7 of card 3 is zero,

the rotor data is entered as follows:

Card: (lP3El4.6) - An input card must be given for each mass station.
Each card has 3 items,.
Word 1 - the mass at the station in 1lbs.

Word 2 ~ the length of the shaft section to the zight of the station
in inches.

ord -~ the cross-sectional moment of inertia of the shaft section to
the right of the station in Ln“.

For the last mass station the shaft length and the cross-sectional

moment of inertia has no meaning and may be set equal to zero.

If gyroscopic motion is included and wnrd 7, card 3, i{s not equal to
zero, then each card contajins two more items in addition to the 3
items indicated Just above. Also for this case, the rotor data cards

are immedistely preceded by a card vhich contains two velues defined
as follows:

Card: (15,1PX23.6). Gyroscopic moment paremeters -
Hord 1 - Number of iteracions - For each rotor speed the program first
calculates the unbalance response without gyroscopic momsnt. Based om
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the thus ootained rotor slopes, the gyroscopic moment is computed and
applied to the rotor, resulting in new values of the slope and the process
is repeated. The program counts the nu;ber of iterations, excluding the
ca'culation without gyroscopic moment, 'If the count exceeds this input
item, the results obtained are printed out, the 1£erntion count is reset

to 1 and a new rotor speed calculation starts.

Word 2 - Convergence limit - After each gyroscopic moment iteration, the

following relative error is calculated:

R og LN ) .
| 60 ef:"l . 9!‘-"::__ e::‘ h“- _____ T e 4 ")
16, ®1+[ 64, +|¢Q‘f{+----, 19,59

where Oei, 9;,,(,0;, and dﬂ,, are the slopes and Xer, X310, Yoo and Ys are

the deflections at the left rotor end. The superscript is the iteration
number, For each iteration the computer output gives the iteration number
and the error. When the error is less than or equal to the input conver-
gence limit, the prbgran'prints the results, resets the iteration count to

1 and proceeds with a new rotor speed.
Following this card are the rotor data cards.

Card: (1PSE14,6). An input card is reduircd for each mass station. Each
card contains 5 items; the first 3 words are the same as thbnc for the non-
gyroscopic moment case above and the remaining two are:

Word & - the polar mass moment of inertia in 1bs.in?

word 5 - the transverse mass moment of inertis in lbi.inz

LOCAT1ON OF BEARING SUPPORTS

Card: (1415). This list provides the numberas of the mass stations at
which there is a bearing.

UNBALANCE DATA

Card: (15, 1P2E15.7). A card is provided for each of the unbalance
stations. Each card contains 3 values: '

Word 1 - an integer which denotes the number of the mass station at which
the unbalance applies.

Word 2 - the cosine component of the unbalance in oz. in, PR

‘Word 3 - the sine component of the unbalance in os. in.
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Bv providing iwo unbalance components, it {s possible to take f{ato
consideration the circumferential variation of unbalance along the

rotor,
COUPLING DATA

1f the rotor does not contain couplings, (Word 4, card 3 {s zero), then
no coupling data is necessary. If word 4, card 3 {s not zero, the
following card must be included,

Card: (141I5) - This is a liet of integers denoting the mass stations
at which there is a coupling. '

PEDESTAL DATA

If the pedestal is considered to be {nfinitely rigid, thea no pedestal
dats is required, In this case word 5, card 3, pedestal flaxible/rigid
is zerv, Otherwise, pedestal data is required. The pedestal data,
like the bearing data, is separated into translatory and rotational
parameters. Also, as before, the ccntrol paramster is the word 6, ~
card 3, support tilting. )

Card: (1P6E12.4) - A card must be provided for sach bearing. On it
are 6 values as follows:

Word 1 - the weight of the pedestal in the X coordinate ia lbs.

Word 2 - the pedestal stiffness along the X coordinate in 1bé/{n.
Word 3 - the pedestal damping along the X coordinate in lbs-eac/in.
Word 4 - gsame ag word 1 but for the '{ coordinate,

Word 5 - same as word 2 but for the  coordinate.

Word 6

- same as word 3 but for the Y coordinate,

If word 6, card 3, support tilting, is not sero, then all of the carde
concerned with the translatory parsmeters are followed by the cards !or_
the rotational parameters. Again there are 6 values om each card as
fallows: )
Word 1 - the mass moment of inertia of the pedestal mass, sssociated
with the X coordinate in lbn.luz




‘Word 2 - the pedestal spring coefficient for rotational motion, assoc-
{ated with the X coordinate in lbs-in/rad.

Word 3 - the pedestal damping coefficient for rotational motion, assoc-
iated with the X coordinate in lbs-in.-sec/rad.

‘Word 4 - same as word 1 but associated with the Y coordinate.

Word 5 - same as word 2 but associated with the { coordinate.

Word 6 - same as word 3 but associated with the q coordinate,’

SPLED AND BEARING DATA

Each bearing is reprerented by 16 dynamic coefficients, 8 for trans-
latory motion and 8 for rotational motion. Of the 8 coefficients, &
are spring cocfﬂéicnu and 4 are damping coefficients. Since the co-
efficients in general change with speed, each coefficient is expressed
by three components; e.g. '

Kex ® Kinyo + Kuﬁ.l W + Ko w?

vhere & is the rotor speed in rad/sec, Kme in 1bs/in., Km,y 1n
lbe-sec/in. rad. and Kwx,a in lbl-uczltn. ndz.‘ Similar equations
hold for the other 15 coefficients. As indicated earlier, if it is
desired to enter the bearing data at each value of frequency, thers is

provision for this in the program.

If word 8, card 3 is 1, the program assumes the besring data is prov-
ided as frequency dependent coefficients. In this case, a card is
provided with the speed range and increment and this is followed by
the bearing data. An input card is given for each coefficient at sach
bearing. Each card contains three items, namely the above mentioned
three speed components. The sequence of the input cards is: first
all the cards for the translatory motion and then all the cards for

the rotational motion. The cards for the rotational motion are not
required i{f word 6, card 3, support tilting, is szero. The cards should

be given in the following order: Ky w(y, K", w(’ Ky ;wlyy Kyx WGy
for bearing 1, Kn,m(...--“'ufq. for bearing 2, etc, to the last bear-

ing, then (if word 6, card 3 ¢ 0), M..QD",H.,;UD,‘,‘,FI.”A;%,M’“R’,
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for bearing 1, etc. to and including the last bearing.

Card: (1P3E14.6) - Speed data.
Word 1 - initial speed,
Word 2 - final speed,

Word 3 - speed {ncrement.

Card: (1P3F1..6) - Bearing data - in the order defined abecse with
three values on each card as follows:

Word 1 - the cu-.ifcient Ay of the expression A=A, +A w ¢+ A, w?
Word 2 - the coefficient A, of this expression.

Word 3 - the coefficient A, of this expression.

If word 8, card 3, is greater than 1, the program assumes the bearing
data will be provided for each value of speed. In this case, s card

is provided with a single speed value and this is followed by the
bearing data as follows: all of the translatory stiffness saud damping
coefficients are provided in the order; two cards for each bearing.
The first card contains the X coordinate translatory cosfficient®

Kx ,wCor, K,“, and w(.,and the second card the Y coordinste tremelatory
coefficients Kyy,wCypy, k.” and to(,.. both cards for bearing oms followed
by two cards for bearing two, etc., to the total number of bearings .

“A'gain, if word 6, card 3 is zero, no rotational parsmsters are required,

otherwise, they are provided in a similar menner: oma card of values

M..,wD,,,M,,,wD., and a second card of H”,U%,H’,U&. for bearing .
1 followed by two cards each for the remainitg bearings.

The card format in thie case is thenm:

Card: (1PE14.6) - Speed,
Card: (1P4E14.6) - Bearing data in the order defined abeve with theee

values on eech card as follows:

Card 1 - Word 1 - K..,,‘
Word 2 '(‘.‘“

Word 3 - g.."
Word 4 - Cey

s s e - — ——— e




Card 2 - Word 1 - K""‘n

Word 2 gc““
"Ord 3 - ‘”"

Word & -.,C“ll
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COMPUTER QUTPULT

The computer output is largely self-explanatory and each output item i{s identified
by a descriptive text. Two sample cases are shown in Appendix A. + The output
first lists all the inputdata, i.e. the two heading cards, ths control words,
Youngs Hodulusk the rotor data, the bearing stations, the unbalance dats, the
coupling stations, the pedestal data, the speed data and finslly the bearing
dats. Thereafter follow the results of the calculations with one set of output
for each specified rotor speed. Pirst, the speed %s given in RPM vhich may be
followed by the input bearing data if it is new for every epred. Next, a
9 column list gives the rotor amplitude and bending momeunt at each rotor station.
Both the amplitude and the bending moment require fcur quantities for their
description. Since each rotor station whirls in an ellipticsl orbit it is con~
venient to express the four quantities in terms of the dimenaions of the
«llipse. Then the four quantities become:

1. the major axis of the ellipse: a(i.e. the maximum aupll’uda or the

maximum bending moment during one revolution.
2. the minor axis of the ellipse: b

3. the angle between the x-axis of the overall reference system and the
major axis of the ellipse: B, degrees (in output tdentified by:
ANGLE X-MAJOR)

4. the phase angle with respect to the cosine-component of the unbalance:
K , degrees.

The amplitude is given in thousands of an inch (mils) and the bending moment
is given in lbs.in.

The selected method of presentation is illustrated by Fig. 5 and is given in de-
tail in the analysis by Bqs. (37) to (41). However, a general description will

also be given here.

The presentation is based on two reference coordinate lynﬁnlp. The first refarence
system {3 the stationary x-y system fixed with respect to ground, and which has at
each rotor str .on its origin in the center of the statically d;flcctod rotor

(i.e. the deficction dus tu gravity). The x-y-system is "compunicated” to ths
rotor via the specified values of the bearing spring and damping ccefficients

16




( Ku, kg,’@('u,efc., and the corresponding pedestal data. In other words, the
directions of the x-axis and the y-axis are chosen when preparing the computer in-
put and the choice reflects in the input values used for k&.,k&, etc, Then the
elliptical rotor orbit is centered in the origin of the x-y-system (i.e. the
steady state shaft center), it has a major axis &, a minor axis b, and the
orientation of the ellipse is defined by the nngle‘ﬂ between the x-axis and

the major axis, measured in direction of rotor rotation. Note, that both a, b
and B vary along the rotor. A negative value for b signifies bsckward whirl.

Thus a;b and B specify tae dimensions and the orientation of the elliptical

orbit :but one more quantity is needed to specify the position of the moving shaft
center on the ellipse at any given time. 7The phase angle of serves this purpose.
Let the major axis be the xl-axis and the minor axis the yl-nxis (see Fig.5),

i.e. the xl-yl-sysCQm ia obtained by rotating the x-y-system an angle B in

the direction of rotor rotation. Then the instantaneous position of the shaft

center is given by:
¥,z & cos(wt +u)

Yy, = b sin(wt +)
Note that the orientation of the xl-yl-syugcn changes slong the rotor since B
does with respect to the x-y-system the instantansous shaft center pcsition is
given by:

b & \[(aasp)l-f (bsinl” -cos (wt+a +tan (R tanp))
y= ¥ (asinp)'+ (et Sim (wt + o + tw'($ tau p))

In addition to determining the instantaneous position of the shaft center with

respect to a stationary coordinate system /¢ also may be desired to know the
position with respect to the rotor unbalance. The location of the unbalance in
the rotor is defined by a coordinate system which {s fixed in the rotating shaft
and whose axes ars called “thc cosine axis" and "the sine axis''. ience, each
unbalance consists of two components: & coeine component and a sine component
(in the analysis the symbols u. and u, are used, respectively, see Eq.s(10)

and (11). The instantaneous prichtition of the cosine-system is defined by the
angle ( Wt ) between the fixed axis and the cosine-axis. tﬁuu. the instantaneous
phase angle between the amplitude vector (i.e. the radius vector from the center
of the elliptical orbit going through the instantaneous shaft center position)
and the total rotot'unbnlnnca vector is:
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angle by which amplitude vector lags unbalance vector =

wt -f +tan”! ( —Zz;g:") ‘fm"(h’ tanfwt o))

Here, Eu... and iu,.. indicates the summations of the cosine-components
and the sine-components, respectively, of all unbalances. It is seen that the
lag-angle is not constant as the shaft center movesarcund its orbit. It

attains its maximum and minimum values when:

tant(wt+d) = ‘E '

Although the discussion above is primarily aimed st describing the motion of

the shaft center (i.e. the computer output fo; the smplitude) the same des-
cription applies to the output for the bending moment. er, for each rotcr
station the output lists one line for the amplitude but two lines for the bend-
{.¢g moment. Whereas the output for the amplitude applies at the rotor station
1tsclf the bending moment has one value immediately to the left of the station
and another value immediately to the right of the station. The output gives
the left hand value first (i.e. the output gives H. and ":. respectively, see
Fig. 2). The two values are in general the same umless the particular station 1s
a bearing station which resists tilting. The lastc listed value of the bending
moment shouid always be zero (i.e. corresponding welues of the major and minor
axis should be zero). 1In general they are not exactly zsero but very small. The
amount by which the values differ from zero gives am indication of the accurscy
of the calculation. Note, that for this reason the las® values of the angles P

and o are meaninglecs.
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Following the output for the amplitude and for the bending moment come ti
sults for the force transmitted to the bearing housing (equal to the dynat
bearing reaction). If the pedestals are flexible, the force transmitted |
the foundation and the amplitude of the pedestal mass are also given. Eac
the three quantities are presented in two ways: first in terms of the cor
ponding ellipse (i.e. in analogy to the rotor amplitude) and secondly by
x and y-components. Thus, i{f the transmitted force is F the output gives
quantities: the major sxis, the minor axis, the orientation angle B, the
angle o , |F;’ ) dy, 'F;' and ‘d,> where the ;ant four items are defi

force in x-direction: F,‘-' lF,l cos(wt-td,)

force in y-direction: F.,‘R 'F,' Sin(wt'hi,)

The transmitted force is given in lbs and the pedestal amplitude in thousar
of an inch (mils).

The naxt line of output serves as a check on the calculation. It gives the
energy per revolution put into the system by the unbalance forces and the e
dissipated per revolution in the bearings and pedestals. Theoretically, th
two valuss should be equal but numerical inaccuracies in the calculations a -
cause diacreplncy.' Normally they ‘differ in the fifth or sixth decimal plac
The energy is given in lbs.inch/revolution. '

To convert it into HP multiply the energy value by the speed in RPM ang divi

by 3.96 - 10°, .

1f the input doss not include any gyroscopic moment effects the calculations
repeated for a new rotor speed snd the output will follow the description gi
above. 1f the gyroscopic moment is included there are two sets of output fo
each rotor speed, each set having the format as explained above. The first
applies to & rotor without any gyroscopic moments, snd the second set give:
the final result for the calculation with the gyroscopic moment included. T
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two sets are separated by a twu column list giving the sequential results of the

iterations needed to perform the gyroscopic moment calculation. The first

column idencifies the iteration number and the second column gives the relative

cor.ergence of the iteration procedure as explained in describing the computer

input.
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COMPUTER PROGRAM: THE STABILITY OF A ROTOR IN FLUID FILM BEARINGS

This section sets forth the basic analysis and the detailed instructions tor
using the computer program: PNOOl7: "The Stability of a Rctor in Fluid Film
Bearings' for the IBM 704 digital computer. The program calculates the speed
at onset of instability (the threshold speed) and the corresponding whirl

frequency.

Each rotor support consists of a fluid film bearing mounted in a pedestal, both
members possessing flexibility and damping. The bearing fluid film is represents
by 8 dynamic coefficients and it is the value of these coefficients which prim-
arily govern the instability mechanism. For a given application they vary with
the speed of the rotor and théy auot be specified in the computer input for each
speed to be tested. The bearing pedestals are represented'by 2 spring coefficier
and 2 damping coefficients (in the vertical and the horizontal direction, re-

spectively) and the corresponding masses may also be given.

The program is to a large extent compatible with the unbalance response program
'such that much of the input data used in the latter program also applies to the
stability program.

THEORETICAL ANALYSIS

The analysis is an extension of the methods used in the previous section to deter:
mine the unbalance response of the rotor. Thus, the following discussion assumes
familiarity with the earlier given analysis. The.rotor is again represéntea

by a finite number of mass stations connected by weightless but stiff shaft
sections which can be brought to approximate the actual rotor to any degree of
accuracy depending on the number of mass s*aitions. Each bearing is represented
by 8 dynamic coefficients: Kxx‘\c , K ,C ,K ,C ,K and ny,‘uhich

XX Xy Xy yx yx yy
depend on the operating speed of the rotor: w, radians/sec.

¢
ThE purpose of the analysis is to establish the onset of instability of the rotor-
béating system. Nu external forces act on the rotor (i.e. there are no unbalance

farces), instead the dynamical equilibrium of the steady-state operation of the
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system is tested {or a series of discrete speed values over a speed range. This
is done by disturbing the rotor with an assigned frequency V radians/sec. To

this end the previously established equations are used as sumrarized in Eqs.(32)
by replacing W with Y or since W is given, the disturbing frequency is speci-

fied as a ratio of the speed:
% (note: Y =C¥)w )

The rotor unbalance components an and Uyn are eliminated. Applying Eqs.(32)
and the bcundary conditions Eqs. (33) and (34) ylelds Eq.(35) where the right

hand side is now equal to zero.

Since the assigned frequency is a pure frequency and does not coﬁtain a transient
term the outlined procedure applies to the threshold of 1nstab111t§. In other
words, the calculation determines the state of neutral stability at which the
effect of any disturbance continues indefinitely without either increasing or
decreasing. Hence, at the point of neutral stability there must be a finite,
although undetermined, solution for the rotor amplitudes, i.e. the 8 end values,
e 931, ...... » ¥g cannot all vanish. This implies that the determinant on

cl’
the left hand side of Eq.{35) must be zero for the system to be neutrally stable.

On this basis, a calculation procedure can be dev 3ed. Select a sufficiently
low value of the rotor speed that the system is known to be stable and scan the
entire fraquency range to obtain the value of the determinant for each frequuncy.
Repeat the calculations for an increased rotor speed and proceed in this way
until a speed is encountered at which the determinant becomes zero. At that
particular speed the rotor-bearing system is on the threshold of instability

and any further increase in the rotor speed will make the system unstable.

Although the method is quite simple in principle certain difficulties arise in
applying the method. Considering the matrix in Eq.(35) it is seen to be an

8 b. 8 matrix in which all elements are real. Actually, it can be written as a
4 by 4 matrix with complex elements. Therefore, its determinant will always

be positive and in applying the outlined calculation procedure the zero-point
of the determinant will appear as a minimum. There will be no cross-over

from a positive value to a negative value, or, in other words, at the onset of
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instability the chosen form of the determinant has a repeated root. Thus, it

is necessary to plot the dcterminant as a function of the rotor speed to be able
to establish when it becomes zero. However, the determinant also depends on

the disturbing frequency and it only vanishes for a particular value of that
frequency. It is, thefefore,,also necessary to know the frequency-value at

which the determinant should be evaluated at each rotor speed.

For this reason it is chosen to calculate the real and imaginary part of the
4 by 4 complex determinant which is equivalent to the 8 by 8 real determinant.

Denote the real matrix:

an ' (n = 4 in the present case)
b2n,1"".' b2n,2n
and let the corresponding complex matrix by:
. o
B, seens. @
1 i
'11 n 4

An =i, (n = 4 in the present case)

R
ah nn

With the convention followed in the present analysis the two matrices are re-
lated by:

by, = Re{a} | Hth m{a)}
byy = ~tm{ayb by, =Re {a) )}
etc.

Let these matrices be the coefficient matrices in a set of linear equations:

(50) . Bzh - X=1U
(51) An‘ - Z =Y
where:
;‘1 :1 :1 :1
- 1 1 ] ' 2
X "2 =192 2={vf Y=\
[}
Ya va Za ¥n
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such that:
}=1,n

w, =u, - ivj J=1,n

Since the two equations are equivalent they must yield the same solution. There-
fore, first set: "1 = u2 n-1
i i AU 0 agf v, © ‘E: Solve Eq.(51) for z
(52) 2= ‘»Au-t - iAu-, (Anr‘;Aai)
) b 1 <
xq Aur* A'N.

= «--my =0 and w = i which means: u,, u,~~u_ = 0,
n 1 n

2
\

where ;n is the determinant of An, In-l is the determinant of An with the n'th

column and row removed, and:

B tily = A,

i.e., Ahr and Ani are the real and imaginary parts,respectively of the complex

matrix and it is desired to calculate them.

Next, solve Eq.(50) for x and Ya with A -1:

(53) X* ‘B':”
(54) 43 .’%.:"

where S is the determinant of B, , B is the determinant of B, with the n'th
2n -y 20’ "2n-} 2n

column and row removed, and BZn-l is the determinant of ’Zu with the (n-1)"th

column and the n'th row removed. Furthermore, it is known that:

b~ 2
Ba= A= &), + B
Equate Eqs. (52), (53) and (54) to get:

iAo (Ag=i8ui) _ Bpay *+iBioy

& + O B+ A,

]
or:

- .—' - .-
. -1 - =1 .
A -3 [
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where By,-p 1s the determinant of B, with the two last columns and rows deleted

2n
and:

Y TR Arm

Thus, Eq.(55) gives a recurrence formula where the order of the original deter-

minant is reduced by 1. If it is applied repeatedly the final result becomes:

n E‘ . B’
. 4 1 B
(56) . Ahr -."Ani - H -ir—'_i;___z“_._
kst 20-2

with the definition:
| B,=!
and:

(57) Eék-l is the determinant corresponding to the first (2k-1) columns and rows

of the matrix B
2n

(58) Sgk-l is the determinant corresponding to the first (2k-1) columns and rows
of the matrix an but where the (2k-1) 'th column has been interchanged with

the 2k'th column,

(59) BZk-Z
of the matrix B

is the determinant corresponding to the first (2k-2) columns and rows

20"

Thus a method has been established to calculate the real and imaginary part of an

n by n complex determinent. The method is used to evaluate the determinant of
the 8 by 8 matrix in Eq. (35).

1t may be noted that Eq. (35) and Eq. (50)are identical except for the change in
nomenclature. Hence, in Eq. (50) X represents the 8 rotor end coordinates:

@ .,
oz;er“end of the rotor: chr’ Hxsr’ seeees vycr’ yor® Eq. (50) is solved in
Eqs. (53) and (54) for the case of v, -1, {.e. for vyar- =1 which means that a
force:

force = = sinvl
has been applied to the rutor end. The corresponding amplitude at the same
rotor end can be computed as described in the rotor response analysis. Let the

y-component be: amplitude = ycrcos‘vt + Ve sin vV t

45

931, ceseeen Yops Yoy and V represents the moment and shear components at the

M v

PP gy




The energy input imparted to the rotor motion is:
W
(60) Energy per cyele = ‘Sinvt(‘V%S-’nvtfv%r(osvt) dt= Ty,

A pousitive energy input implies that energy is required to sustain the particular
vibratory motion, i.e. the motion is stable. On the other hand, a negative energy
input signifies an unstable motion. When the ehergy input is zero the motion is
neutrally stable. It must be noted that the motion itself may not be possible
unless the previously discussed determinant is also zero, i.e. the outlined energy
criterion can not be used alone to test the stability of the rotor-bearing system.
However, the criterion can be used to determine the value of the {astability

frequency.

A simple example may serve as an illustration. Let a single mass M be supported
on a spring with a coefficient K and a dashpot coefficient C. The amplitude is:
Yetosvt +y sinyt
Apply a force V__ sin Yt such that the equations of motion become:
(k-Mv*) (€ 4] _Jo
~¥( (M) | Ly 1Y,
in analogy to Eq. (35). The determinant becomes:

2 3
(K‘MV‘) + (VC) (note: ti.e determinant is always positive)

which vanishes when v C = 0 and V2 = K/M, i.e. the frequency must be such that
it simultaneously makes the damping VC zero and also equals the natural frequency

of the system. Next, solving for g‘ and computing the energy input yields:

Y v(
Energy input per cycle = “'"V,,";, = ’Tw’s (K-Mf".‘,(ycr

Applying the energy criterion from above the motion is unstable when VC is negative
and vice versa, which is of course evident in this simple case. However, the

svstem i3 only neytrally stable if in addition the frequency also equals the

K

natural frequency: VvV = Ve
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In calculating the energy input from Eq.(60) it is seen that a difficulty arises
when the.system determinant is equal to zero in which case the amplitude Yer

cannot be determined. To circumvent this probled, Yer is not computed as its
actual value. In evaluating gcl’ 951 ..... Y1 from Eq. (35) with vysr- -1, Cramer's
rule is used but such that the system determinant is always set equal to l re-
gardless of its true value. Thus, the resulting calculated energy should actually

be divided by the system determinant to obtain the real value of the energy input.

To solve for the onset of instability the procedure is:

a. Select a rotor speed sufficiently small that the system is known to

be stable.

b. Scan the frequency rangc and determine those frequency values at which

the real part and the imuginary part of the system determinant equal zero.

c. Repeat the calculation for several values of the rotor speed covering

a sufficiently large speed range.

.d. Plot curves of frequency versus rotor speed, obtaining one (or more)
curve corresponding to the real part of the determinant being zero and one
(or more) curve corresponding to the imaginary part being zero. The

intersection of the curves determines the threshold speed.

To assist in searching for the instability frequency the single bearing frequency
value is determined for each bearing. This"value is derived by considering a
stiff, symmetric rotor supported in similar bearings. Let the rotor mass per

bearing be M whereby the equations of motion becomes:
!

(Ky, -My? ‘H.chx ) (Ky"f l.vcm,) x
(Kgx * ivGe) (Kyy=My*+ivGy)] | Y

The feal and the imaginary parts of the detetminintihlverto equal zero scparately:
6y (K, ~My*) (i, ~My?) - Ky Ko —v‘(('..(},, =Gy C,,):O |
69 (K =My) Gy + (I =My Co ~K,y Gy ~HGy Gy =0

(61) :0
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Solve the equations to get:

() = (Key M) (K= My) = Koy Ko

(64) W Wiy wC,.I- Gy @Cpe
- U *
(65) Myt = "KJM k’gwgv Qt“-"g
wC..*wC,,

Computing Eq. (65) first and substituting into Eq. (64) yields the instability
frequency ratio 5 for the bearing. Since for the actual rotor the bearing
reantions are in general unequal and the B8 bearing coefficients, therefore,
differ in value among tha bearings the instability frequency will not have the
same value for all the bearings. However, the instability frequency for the
rotor-bearing system will lie between the minimum and maximum value of the

bearing frequencies.
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COMPUTER _INPUT

The input data is prepared according to the instructions given in the following.

Note, that unless stated otherwise no input card may be omitted.

Card 1 FORMAT (49 cols. Hollerith) Any descriptive text, used to identify

the particular calculation, may be punched in cols. 2-49.

Card 2 FORMAT (615) Control parameters:

Word 1 (NS) Number of rotor mass stations. The number of stations is selected
according to the previous discussion. There must be a mass station at each rotcr
end and at each bearing. The mass at a station may be zero. The maximum nu.uer

of stations is 30.

Word 2 (NB) Number of bearings. This integer denotes the total number of bearings-

along the rotor. A maximum of 10 bearings is allowed.

Wora 3 (NFR) Number of frequency ratios. This integer specifies the number of

items in the input list for the frequency ratios.

Word 4 (NCAL) Number of speed and bearing data input sets. Each set of data
consists of a speed range and the values of the 8 dynamic coefficients for each
bearing. The speed range is specified by an initial speed, a final speed and

a speed increment. For each speed value in the speed range the frequency range

is scanned and the corresponding values of the system determinant are calculated.

There is no limitation on the value of the input item.

Wocd 5 (NPST) Pedestal flexible/rig;d. If this integer is zero the program
assumes the pedestals to be rigid and no pedestal data can be furnished. If :the
integer is 1 the pedestal has both flexibility and damping and tge pedestal data

must be given.

Word 6 (INP) Input. 1If this integer is zero the program will return to read in

a new set of input upon completion of the computation. For the last set of input

the integer should be 1.
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Cand 3t FORMAT (IXE13.6)

0
This card contiins a single word. Youngs modulus E in lbs/in". It is constaunt
throughout the rotor, Since the program never usesE by itself but always in the
product EI (1 = cross-sectional moment of inevtia) any actual variation in E

can be absorbed in a corresponding change of 1.

Rotor Data: FORMAT (4(1XEL13.6) )

The rotor data consist of as many cards as there are mass stations (card 2,

word 1). Each card has 4 words:

the mass at the station in lbs.

the leagth of the shaft section to the right of the station in inches
Word 3: the cross-sectional moment of inertia of the shaft section to the right
of the station in inA.

Word 4:the polar mass ?oment of inertia minus the transverse mass moment of
inertia, lbs.in®. :

For the last mass station the shaft length and the eross-sectional moment of
jnertia has no meaning and may be set equal to zero.

LOCATION OF BEARING SUPPORTS: FORMAT (10(1X14) )

This list of integers provides the number of each mass station at which there
is a bearing. The stations should be listed in sequence, beginning with the

lowest number.

PEDESTAL DATA: FORMAT (6(1XEll.4) )

If the pedestals are rigid no pedestal data are required and item 5, card 2,
must be zero. Otherwise, the data for each pedesral must be provided. There
is one card for each pedestal and they should be in the same sequence as the

bearing station rumbers in the previous lisr. Each card contains 6 words:

Word 1: the vibratory mass of the pedestal for motion in the x-direction, 1lbs.
Word 2: the pedestal stiffness in the x-direction, lbs/in

1]

Word 3: the pedestal damping coecfficient in the x-direction, lbas.sec/in

&

Word 4: the vibratory mass of the pedestal for motion in the y-direction, 1lbs.
Word the pedestal stiffness in the y-direction, lbs/in

Word

(= B L¥,]

the pedestal damping coefficient in the y-direction, lbs.sec/in
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LIST OF FREQUENCY RATIO VALUES: FORMAT (4(1XEL13.6) )

This input list gives the'values of the frequency ratio 5 at which the program
evaluates the system determinant (V = disturbance frequency, radians/sec, w =

angular speed of rotor, radians/sec). The values should be given in descendir
order, for instance: i‘a .55, .50, .49, .45, .40 ...... The program automat
inserts in the list the "eigen-instability" frequency ratio from each bearing .
determined from Eqs. (64) and (65). In most cases these values are equal to a
ximately .5 but may be less for heavily loaded bearings. Unfortunately, the "
instability" frequency ratio is very sensitive to even smalldeviations in the

dynamic bearing coefficients from their accurate values. It is, thererore, re
commended that the irput values of the bearing coefficients be checked beforeh
Ly means of Eqs. (64) and (65). Lf the thus calculated frequency ratio value

differs much from .5 the bearing coefficients should be checked.

ROTOR SPEED AND BEARING DATA

The following input data should be repeated as many times as specified by word
card 2. First comes a ;ard-giving the speed range for the calculations. The
speed range is defined by an initial speed value, a final speed value and a sp
increment, all in RPM. Thus, if the initial speed is given as 3000 RPM, the fi
speed as 9000 RPM, and the speed increment as 1000 RPM éalculations are perfon
for 3000, 4000, 500C, 6000, 7000, 8000 and 9000 RPM.

Next follows the 8 dynamic coefficients for each bearing. There are 4 values
per card, hence, there are 2 cards per bearing. The first card gives Kxx’ wC
K and way, and the second card gives K, wC K and wcyx' All the co-

xy yy' yy’ Tyx
efficients are measured in lbs/inch. The cards should be given Ln the same se:

x

quence as the bearing station numbers in the previous input list.

COMPUTER OUTPUT

An example of the output is included in Appendix B.

The first page of the output lists the input values for checking and control p

poses. Next, follows the results of the calculations with the results for each

rotor speed given separately. The first line specifies the particular speed
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and then foll .ws the "evigen'" - instability frequency in RPM ard the "eigen" - mass
in lbs four each bearing as determined from Fis. (64) and (65). They are labeled:
"INST.FREQ, RPM" and "INST.WEIGHT", respectively. Thereafter the results of the
calculations for each frequency are listed in 5 columns. The first column, labeled
"FREQ.RAT.", gives the frequency ratio % The second column, labeled "DETERMINANT",
gives the square root of the system determinant (i.e. of the matrix in Eq. (35, ).
The third and the fourth columns, labeled "RE(DET)'" AND "IM(DET)'" gives the real
and the imaginary past of the system determinant, respectively (i.e. Ahr and Aﬁi
fiom Eq. (56)). The last column, labeled "ENERGY'", is pronortional to the energy
input given by Eq. (60).

It should be noted that in order to determine 1f the rotor is stable or unstable
it is necessary to find at which speed it becomes unstable. Hence, results must
be available over a range of speeds. To determine that speed, at which instability
sets ir, the results must be plotted. One method is as follows: for each speed,
olot the real and imaginary part of the system determinant against the frequency
ratio. Find those frequency ratio values at which the two functions become zero,
{there are usually several values). Next, plot the "zero-point' frequency ratios
against the rotor speed, obtaining a curve corresponding to the imaginary part of
the determinant. Where the two curves intersect is the threshold spead. Thus,
for the output example given in Appendix B the threshold speed is found to be
8,350 RPM at a frequency ratio of .4937.
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FIG. 4 GYROSCOPIC MOMENT CALCULATION
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APPENDIX A

SAMPLE CALCULATIONS AND INPUT FORMS FOR THE COMPUTER PROGRAM
"UNBALANCE RESPONSE OF A ROTOR IN FLUID FILM BEARINGS"
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" (F520,90

CF62040

Cc7=20,0

CE850,60

NITCs]

Ist1=1

15949

JiTs}
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422 CONTINUE
IF(NDIAG) #423,4240¢42)
C NIAGNOSTIC 2
23 WRITE (6+136)
WRITE (601181 1STsIFNeJSTeJFNeKST skFNoKMDeNCC
WRITE (601640 ELDRCIT o) eDXSIT0J) sDYCET0J)eDYSIL 0}y XCULoJd) o XSH
110J)eYCUT o toYS{lod)oeln]lel0)eJuleNS)

WRITE (601451 (DIALI)eDIBIIIeDICIIIoOIDIIIGDVUXLIY DVUY(J) e Ja])
1986}
KSTaNSe]
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C ROTOR m4aS COUPLING Sf"lons

425 KSTaJFN+ IFN
IFLIST=10) 426:030:438

626 DO 427 Juleh
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MATul
IFINDIAG) 429,430,429
C DIAGNOSTIC 3

. 429 WRITE (60137)
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430 KFNsKFN
CALL EQS
GO TO (431451Nn0e%511)&kFN
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KMD= JST+YsST -

DO 436 JsKMDKFN

00 38 K24

K5TaK+a

00 436 [=lee ' ]
BMXCIKSToJ)sBUXCIKOT o ) +BMXCILoJI®A(] oK)
BMXS(KIT a1 2BMXS{KIT o) +BMXS( 1o J)RA(] oK)
AMYC(KST o) 2sRMYCIKST o) +AMYC {0 J)®A (] 4K)
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GO 10 we2

Dilel)2=dMXC(10¢KST)
DI2el)==BMXS{10sKXS5T)
D(3s1)2=-BMYC{10+KST)
Dl4sl)2=-3MYS(10sKST)

NN 428 Jsleb

DY 428 13144

Clled)=F(leJoNCC) .

C*9sSCF

T MATsY

%39

KENsKFN

CALL EQS . )

GO TO 1(439¢51N9511)eKFN

DO 440 J=JSTeJ FN

DO 440 [=1,4
VECI100J¢1)2vxXC(100J¢)1evxCtlodel)oC(10])
VXS(100J41)2VXS(100Je]l)evXS(leJdel)oCi]lnl)
VYCU10eJ+]13avyC(1004e])evyYCllodel)oC(lo]}
VYS(10eJ¢1)2VyYS{10sJ+1)evYSiled+1)8Ci]0])
XCi10eJ)=XCU100J)XC{Tl o l)8C ()]}
XS(10eJ)2X3(100J)eXS{TeJ)0CH10]))
YC(10eJ)mYC(109J2eYC (1 oJ)eCilol)
YS(100J)ioYS(10eJIeYSI]oJd)®CtIel
DXCU10eJ)sDXC(100JIONXCL1eJI®Cl 0l
DXSI100J)3NXSI100J)eNRS{ToJIOCT0])
DYCUL100J)sDYCI100J)oNYCLIoJI2CE]0])

460 DYSI100J)13DYS(100J3eNYSITeJIOCIT0]}

4530
4940
4550
4560
4579
4500
“970
«“600
LY Y3V
“620
630
“640
©650
4660
46170
4600
4690
4700
4710
4720
4730
4740
750
4760
4770
4780
4790

4800

4810
4820
830
4840
4550
4860
4870
4880
4890
4900
4910

. 4920

4930
4940
4950
4960
9170
4950
“990
5000
5010
5020
5020
5060
50%0
5060
5070
5000
50v0
2100
5110
5120
*130
5140
9150




CFN® FN+ JFN

K¥N2JySTe st

0D w4] JsKMDKFN

D0 44l Jeles

BMYC(106 ))aBMAC (100 J) «RMXCTI ] v J)#CU]ol)
ﬂ“lﬁ‘]OoJ"““'S'lO'Jl‘ﬂ"!ﬁ‘lDJl.c‘lll)
AMYC (10001 a3MYCI100J#BMYC I ] 0J)®ClT ol

44l AMYSLI0e ) 2AMVE( 190 J)eRMYSI e )eC (Lol

Lb42 JSTe EN
NCCaNCCe)

[FINCT=NC) AR 0844044)

463 JFN2NS
GO T2 646t

bo4 JENSLLCINCCH

445 6T 19 404

END CONDITIONS

L46 XST2NSeNS
K *NaNS+}

D) 447 Jxl,8
CEM{LoJ12IMXCLIRST)
CFYMI20J)3BUXS{UeKST)
CFMEY0J)30MYC(JeKST)
CFM{LoJ)mgMYS(JeKST)
CFMI8 ) ayXClJeKFN)
CFM(50J)mVYXST Je<FN)
CFMIToJInVYCIJeCFN)

647 CFMIBeJ)VYSIJeKFN)
RHS(191)n=BMXZ{9eKST)
RNS{2s1)2=BMLS{99KST)
RHS{3¢]1)e=3MYC{94KST)

RHS{G 01 ) e =BIYS{I,KST)
RHS{541)2=VXC(9:KFN)
RHS {601 )2=VXS{9¢KFN})
RMS(Tel '2=VYCI9KFN)
RHS(B8el)o-VISI9sKFN)
IF{1ST=10) 449440804848

448 RHS(1 o1 )=RHS(1 01 )=BMXCI10eKST}
RNSI29112RHS {201 )1~OMXSI10eKST)
RHS{301)2RHS{ 3] )=3MYL{10sKST)
RHS(4s) )TRHS (4011 -8YYS(10eK5T)
RHS{Se1)2RHS IR 1 )-VXCI10sKFN\)

RHSIO o1 )SRHS (841 )=VXSI10sKFN)
RHS{7+1)8RHS{741)=VYCI10eKFX)
RHSI8s1)aRHS5({8011=-VYS{10sXFN)

449 CF9ssCF
MAT =4
IFINDIAG) 45044514450

DIAGNOSTIC &

4%0 WRITE (64138)

WRITE (601061 CUC I 0 )0 lmloblodslob)ol(Allo)olnlob)odoleSI(LCFMI]
1J0ela108)eJdnlel)olRHSITo1)0ln)ol)oCF9

4RITE (60144 (IDXCUTL o) oDXSET o) oDYCHEnLd eUYSILod)e XCl{loJd) oS
T1ad)eYCUlad)a¥S(iodiel 31410) sJnleNS)

4%5) KC€Ne(FN
C\LL EnS
G) TO (452951005110 okKFN

4%2 ENT(91s=],0
I¥ (NDIAG) 4964697046

DIAGNOSTIC 5

4986 WRITE (64119)

WRITE (6014610 (CFMIToJ)olnlolitode], 8)

497 IFLIST=10) 4531+500+500

433 JFINCAL=1) 47404734474

5160
5170
5180
519¢
5200
52:0
5220
5230
5240
5¢50
5260
5270
5240
5230
5300
%310
5320
5330
5340
5350
53¢0
5370
5300
$390
5400
5410
5429
5430
5440
5450
5460
5470
5480
5490
5500
5510
5520
5530
5540
5550
5560
5570
5580
5590
5600
5610
5620
5630
5640
5650
5660
5670
5680
5690
5700
5710
5720
5730
2740
57%0
5760
ST10
57¢0

» il




Wt
o T

ast!

458

469
LT3

«62
w613
464

465

"3

Thn

axlTe Uhelet) DTAL

EXTII21=0e0

1FINTY Q) 45eenIDetabd

ARITT (selal)

[ S ek

S0OT Wns

«vH=1]

wITE CTeut

wRITE (6017 ])

ARLITE (60150

ND 57 [=zlen

ENTLL)=CFMUT !

IFINCY @ Y ebb00und

XFNsLCUNT Y #]

NO 457 J=2leh

ENT(1)=040

G0 1D 46l

CFN=YS ]

PO 7195 J=zle\U

YNR=LULD)

PVIICEYNI ) =Y )) =ANSP2

DVUY (MNA Y 2JY . J) #ANSP)

D1ekz060

ENGY=0.0

UNB =]

vaR=z1

LIRS=L3( 1)

LisL=Luc

DY 470 J=leNS

I 7(J=KFN) LKL 44R2e0NY

0) 463 [21leb

ENT(L)=CFM(L 1)

K3T=J¢J .

CC=KAT=1

DO 465 <2142

DD 465 l=z]eb

H{leK)20e0

"0 46k 1=lelFy
Hilol)2RU1a21axXTIlogreinNT( LY
Al2e1123(2e1 16X 1 e )IWONT! D)
03011280301 0evClleVRENT(])
{491 )33 (el teYSIIe)RENTI])
w01 e2) 8301021 +MXCLToKC)OINT(])
Bl202)123(20214dvXSI e CruENT(]}
303021330 3e2)euvYCIIoKCISENTL(])
Hlae2)33lbeld ) e3MYSL] oK CIBENTL])
811931330103t ensMXCIIoKSTINENTY(]
302031500 203)e3UXSELKETI®NT(]
BU302)33(303)eHvYCILokSTIOEANTY]
Blasd )z (e )elMYS(]oKSTYO NI(]
IF(J=-LBRG) 7069703707
TRANSMITTED FARTLe PEDEITAL MUTICN
CFlAzRV( ) 8AND2
SHALI)=2CF1A®RB (el eNVUXIJ)
SHA(1)=CFlA®1(24])=DVUYLY"
SHCIl1)=CFlAai( el )ellvuivYL )

SHD(Y 1=CFlA®i(4e]l t+CYUXL Y

DO 704 l=zlelFn

SHA(L 1=SHAL L) IVXCI od)=VXCEloJ*l FIRENT(T)
SHA(L s M3 el /XS UL ed)=va Ol eut ] L)OLRTE])
SECI1)3S5H4CIL)etvYCllod)=VYLllalel vt Tt
SH“!])t‘Cﬁ(l)o(vvﬁll.J)’VVS(l.JOlo'OtVY(II
IF INPST) 7097060704

271946
580C
2810
2840
5830
5049
5850
5460
99170
Sgov
5390
95900
2910
9920
5930
9940

" 5950

2900

9970,

5983
2990

6000

6010
6040
6vi30
6040
6050
6060
6070

6vo0 .

evy0
61u0
6110
5120
6130
61«0
nl50
P Y IY
al/0
6100
5190
5200
6410
8220
6230
LYL Y
6450
6460
6llv
6200
6270
6300
&310
5320
6330
6340}
5350
5360
o370
6380
03¥2
6400
661




7AS (TlePVX (AR} 7 864I0 AN JANMS 660
CEIVeDvy (V321 /733R00KF8ANAPD 1AM 64120
CIlA2DPIX L PHY ) PAVS=CF 1K L6l
C14a02y (VIR) FAMS=C1 14 6450
I€17 DX VL) JAVSSANSP 6460
CFRLDINTY VL) Z7AMSSANSD 64y
CHlt=CrLanCt 1aeCh]LoCH ]C b4ou
SHACY) 2 {o—~A(11®CFLA=SHIIIPCFLICI/CFLE 6490
SHB I3 (HALLIPCFLIC+SHall)® r 1AV /CFLE 650U
CF1E2CFL 4*CFIROCFLIDOCF ID 6310
AHCLA)2(5HCI1IOCFLS=SHEI118CFIDI/CFLE 6520
SHNI2)2(SHE(1)RCFLOSSHNIT1®CFI8)/CELE 6530
SHAL?)aSHAL L1 eCFIKPSHAL ) . 6540
SHH {21259 (])eCFIK®SHE( }) 6930
SHCI2)2SHC L)) +CFLvMesACLI) oh6u
SHD{2)2SHNT ) +CFIMRSHD L) 6570
CFlAsg(ls1)=5HALD) 6500
CFlusR(2+]1)~SHB L) 6550
CFIx=Ri3s1)=SHCI(2) 6600
CFiva3{4y1)~5KHN{2) 6610
GO 15 797 6620

706 CFlAsRilel) 6630
CF1323(241) 6640
CFIK=sA{3e1) 6650
CF1v=RA(4asl) 6660
SHA(2)9SHA( ]} ) 6670
SHB(2135H3L L) ) 6680

Tt SHCU2)s5HCLL) 6690
SHN{2)=S4N( ]} 6700
SHA13)*0e0 6710
SHA (312040 - 67129
SHC(3)2040 , 6730
SHD{ 312240 6740
CFl1C=0.0 8720
C1020.0 6760

70T CF2AZACKX (] oMAR)SBC XX 29MHR ) #ANSPoAC XX 30 VIR) 9ANSP2 6770
CF2:4m9CXY (1 eMURISACXY [ 2oMIR ) BANSP #1-CAY ( 20M-: ) $AKSP2 &7u8C
CE2C*RCYXTIYoMIR )¢ CYRI2oN=K I SANSHIHCYX I V9 /73R ) BANSEP2 6790
CE20BCYY (1 aMAR N 4ZCYV (2 oM #AKEP+pCYY [ Vo dUR ) #ANSP2 6800
CT2M8KXY (1 oMBRISBRXY (2 4Min ) ®ANSP IR XY { 2o MHK ) PANSP2 681
CE2NRRAKYX (] sMARISAKYX( 23 VAR } SANSPBLYX{ 9 VHR ) BANSP2 6820
DI1SSaDIS3+3e1415927%(CF2A®ICELA®CH1ASCF]40CH ) 4CFDO(CFI®CF]Ine 6830

1CFIMBCFIM) S ICF230Cr ¢ 21 RUZF Lu®CFINOCHLUOCHINISLICEF2ZM=LF2N)P((Flo% 6840
2CFIR=CFIARCHIV)ISCEIC@(SHATII®SHN{3)eSHDIII®SHEI T )+CFIDO(SHCI3)® 68%0
ISACI3I+SNDI3)e5HD13))) 6860

IF (NMOM) 717,7160717 6870

717 CF1A=0,0 : 6430
CF12s040 6870
CF1K=0,0 6900
CF1lvag,0 8910
DO 740 I=lylFN 6920
CFLACFLACDXC LI o JISENT ] 6930
CFRLIUaCFELlA+DXSLIJI®ENT L) 6940
CHIKaCFIRSDYC Pl oJ)®ENTIL]) 6920

740 CFLIMaCFIveDYSIToJI®ENT (] 6960
CF2A=RA(192)-8l1e2)=-CIALY 6970
CF203812431-31202)=DidtY) 6940
CF2CuB(%e)=3(3920=N1C (L} 6990
CE20sA(4031=(4029=-DID() 1000
IF (NDPSTE 741,742,741 1010

T4l CF2Ms(PSYR(VHQI-PINIVHRY /18606 VANLD2 ) 7AMS 7029
CF2Na (PSVY(MHRI=PIYIMAR) 7386406 Y8ANP2) /AN, 7030
CF1CPIMX (VIS 1 /AMSPANSP . 7040




Tw2
743
716

708
701
702
709
710
711
T 712
713

714

CFl =POMY (MJR)/aAMS#ANSD
CFlt=CFaMaCF2veCFlCeCF1C
CFIA=z(CF2A®(CF2M-(F2B»(F1C)/CFLE
CFINe(CF2aCF1C+CF23%CF2M)/CFLE
CF1E2CF2N®CF2N+CFLID#CF LD
CFIC=(CF2CRCF2K=-CF2D*CFIN)I/CFLE
CFIN=(CF2C¥CFID+CF2DRCF2NI/CFLE

CFlas=CFlA~-CF3aA

CFlu=C*18=-CFIA

CFI1KsCFIK=-CF3C

CT1MsCFIM=CF 1IN
C"M-gF.COICF1A~LF3A¢CF39-c=33;ocrloo(cp3c-CF3c¢crgo.cpgp)
nY TI 743

C€2mM=20,40

0(SS!DlSS'Bo1615927'(CF2A'LF1&-CF28’CF1A+CFZC'CFlM-LFZDlCF1(¢LFZM)

D) 708 (=143

CFlAzSHALL)

Cr1B8=-SHB (1)

CF1C=SHCL )

CF1D=SHD( I)

AUX(MBRs1s1)=SQRT(CF1A®CF1A+CFlu*CF1B)
AUX(MBRe2¢1)=2ANGICF1A9CF 18]}

AUX(MBR93 9] )=SQRT(CFIC#*CFIC+CFID#CF1D)
AUX(MBRe& sl ) 3ANGICF LD CF1C)

CFA=CF1A®CF A

CF2B=CF18#CF1l8

CF2CsCF1C#CF1C

CF20=CF1D#CF1D

CFIE'(CFZA*CF23‘CFZC*CFZCD/ZGO

CF1K=s (CF2A+CF28=-CF2C-CF2D)/72¢0

CFIMsCF1A®CF1C-CF18#CF1D

CFIN=CF1A#CF1B~CF1C#CF1D

CFAs(CF2A-CF2B8+CF2C~CF2D1/240

CF28=SQRT (CFIK®*CFIK+CFIM®CF1M)

CF3IB=sCFlARCF1ID+CFlo#CF1C

CF38=CFI8/ABS(CF38)

BUX{MBRs1 o] )aSQRT(CFIE+CF28)
BUX(MBRe2 9+ )=CF3IS®SQRTICFIE~-CF2d)}
BUX(MBReIs[ ) =ANGICF1<sCFIM)/240
BUX({MBReb s 1 )=ANGICF2A443CFIN) /240

IF{MBR=NB) 702+7019701

LBRG=NS+2 .

GO T0 709

MAR=MAR+]

LBRG=LB(MBR)

IF (J=ULNG3L) 71447100714

IF (MNB=NU) 712,711,711

LNBLaNS+2 )

GO 10 713 . *

MNBsMNB+1 ' : )
LNBL=LUIMNB)
E‘GY'ENGY*3.161592l'(DVLX(J’.(B‘ZOI"B')Oli’*DVUV‘J1.‘34101"
18i4s1)))

CINVERT RESULTS TO ELLIPSIS

D) 469 [Iv143

CFlA=B(1,1)8R¢1,1)

CFl1B8eB(2,1)%B(241)

CF1C=B(3.1)®8(3,1) - :
CFl0wBlasl PB4, 1) L e .
CFIEs(CFLA+CF1B¢CFIC+CFINIZ240 ' et N :
CFIC=tCFla+CFIE=(F1C=CFID)/240 o )

CRIM=2 1ol )R Vg0 ved120])08140]) . ‘
TEIARTF ] velt gl t [LaFI™)/2e0

7950
7660
7070
70060
7090
7100
7110
71120
7130
7140
7150
7160
1tiv
71d0
7190
71200
7210
7220
7230
7240
7250
7260
7270
7280
7490
7300
731¢
7320
7330
7340
7350
7360
7370
Y380
7390
7400
7410

‘7420

7430
7440
1450
7460
7470
7480
7490
7500 .
7510
7520
7530
7540
7550
7560
1870
7%80.
7890
1600
7610
7620
7630
7640
1850
7660
7670




Y. N4
LY.
469

470

120
121

122
121
124
T72%
126

480

481
“82

483
484

L85
486

w47
488
©89

490

9

CRludrm {1 ol )00 2] )10l )®2(bsi)
CFRLCzS2T{LFICOCFICeCFIVECH V)
CFYHP (1ol 10ntael d=ri{2o] )03 (3]
CEIS=CF1 7RG 1CF 24
211 13SURTICFIESCFIC)
(2011 :2{F I ORTICFIF-CFI0)
HU2p0 ) A L E 1Ko CF LM /72,0
Hlael )3ANGICF1ACFiId) /240
CONTINUE °
WRITE (65014800030 01 1eBl2el)eHidel) o3 (bsllotillo2)y
12VeBlbe2)
WRITE (016718 (1 0310802208 {3e3)eB(&s3)
CFlAsAVSeAYS
NISSENTSS/CFIA
FNGYsFNGY/ZAVS
WRITE (64730)
NO 725 1312
IF (1=2) 12347294722
IF (NPST) 721,726461721
wWTE (54173])
50 108 123
WRITE (%4732}
KUTE 159 133)
7 724 JsleNB
TWIR=L3(J)
WRITE (59140 )IMHReHUXEJel el ) otLXTJe20 1 10BIXIJe30)
1XCJotol ) o dUXTIJo20 ] o AUXEIeYol)edAUX(Letio])
CINTINUE
ARVITE (50 736)IENGYHDISS
GO TC (5130680¢513)e«¥D
MAKE RCADY FOR GYRISCCPIT MOVENT CALCJULATIUN
I1STs}0
IFN=j2D
wRITE (He153)
CALCULATE 3YQASTOPIC MOMENT
DO 432 l=les
ENT(I)=CFVi]el)
IFINC) 4839439544087
<FNaL CINCH
DO 484 !sl44
ENTI1180,0
GO T2 48%
CFNaNSe)
NO 493 Jal NS
IF1J=<FN) 406%,4874489
D2 4849 l+v]les
ENTE11sCFV(le1)
CFlAa=040
CF1B2040
CF1C=0.0
CF1C+*0.0
NO 4SO IalelFfN
CFIA=CRLASNXC ! s J10EY T
CF13aCt 13+DXSI1eJIOENT
CFLICsCFICeNYC Lo JIOFNT
CFIDCE LYoVl o JICENT(
CFI1E=CFlA«CF D
CFIKeCFl3=CF1C
CFIMaCFlANRCF INCFlueCFIC
CFINSCEIERCIIRoCFIKNCE 1K
IFICEIND 49204910492
Claty)s0.0
N1R1J12060

1)
1
I
h

Bl2e2)900(3,

duX(Jebsel)sAU




493

LS4

T Ne?

NN N

Ze 10 ay?

4B R ¢ O

TEYINTAID ) #ANSD2

CFl.=20F NeCFiTecF ™

CFla=at 1yeC-1ceCa1V

CFINzRITII)®ANSP2

NlA(J)=CFLE-CRINSCFLA

N13(IV=CFLIK-ZFINSCFLN

O1CH) =«lFIK-CCINSCFIC |

RELAYINEEYES Ra Yl B 1ol Lo B

CONTINS

FFINDIAG) 69446750496
IAGNISTIC o

wITE [64149)

ARITE (60104 (DIACGS)oDIRIIN o 2ICLLIIWDIDII) od21aNS)
1F1CCFINICFLT fCFIKeCFIMaZFINGCF Lo {F22CF 3o Fbs

2oCFBe(CFA(lolYeaNTUl}ol=)00)

495

GO 17 401

SYROSCOPIC “OVENT [1Z<aATION
900 CF2A=AsSICFM{191)=CFL)+ABSI "1 201)=CF2Y+AUS{CFM{34]1)=-CF2) 4+
16CFi{b9] ) =CFa)+ 2 45(CFYI541)-CF5)+A35(CFVIHe11-CFH)+

2¥1 701 )=CF7)+AS(CFMIB9 11 =CF I

sl

502
2C3

506

50%

506

513
512

701

s07

02
408

LX)
299

s A o

CF28=2040
DO 501 I=1.+8
CF20=CF23+Aus(CFMils 1))
IFICF23) 9024503502
CF2A=CF2A/CF2?
ARITE (69152)NITCeC(F2A
IF(CF2A=DGYR) 50645064504
NITCaNITC»]
[FINITC-NIT) 50590305506
CF1=CF (141
CF2=CFM(2+1)
CrazCFY(341)
CTasCF/(a 1)
CE5=CFV(Sel)
C762CF4(501)
C T=CFVY(Tel)
CF8=CF™(d+1)
GJ 1) 481
ARITIF (6slh4)
<MD=3
£NKT(101=1.0
50 19 456

} ADVANCE SPCED
IFINCAL=1) 51205074512
JCAL=2CAL #)
IFINCAL~-JCALY $28+90149501
I1=2
50 10 209
SOCAL =SPTAL+sPINC
ANGP2Co 19471976450 CAL
IFISOFN=L2CALT 50409029902
1133
GO 1T 200 - .
IF{INPUT) 50942014599

TRIHIAV EAD
ARITE (64999)
FORVAT (1n1e.78LAST SET CF INPUT)
sTop .
XSIvrJF SHAGKROSTIC

CFLASCFIBC
CF5+CFoe(F7

s31ln
8320
8330
0340
439¢
436U
o3/v
L Y-V
e 3vy0
86G0
0410
8420
3430
0440
0420
8660
0470
040V
8490
a5G0
=91C
84520
8530
d>40
8550
8560
da570
abue0
850
[-1.1*1%)
8610
06¢<0
8630
8540
8650
8660
8610
0600
8670
8700
871¢C
8720
o730
o740
8750
8760
8770
XL I'N
o790

dsilv
8829

9850
doay

asbdv




510 WRITE (6el951vAT
913

GO 14
511 WRITE (g, 158)uaT
50 17 %13

100 FURIFATIT72%0
1 )
101 FORMAT( 1w
1 !
102 FHIRVAT()20H]
IR NIONSUNTFIRM REARING SUPPORTZ
107 FIRMAT (120K
1A TFOHNILOGY 4 INC,
106 FIR“ATI1P4ELS,7)
105 FORVAT(1019)
106 FORVAT(ISs1PE27,6)
107 FORVATI040YCIINGS LISLITRTIS
100 FORMATII2G,.C IV
1LEX, BRG¢ MOVENT
109 FORMATLIPSE LS, 7)
110 FORMAT([749112)
111 FORVAT(16HO
112 FORMAT(123E14,6)
113 FORVATI1IPSEY4 6)
114 FORVAY{[741PYF2067)
115 FORMAY([741P8F204 7}
116 FORMATI 72 STAT!ON NOo
1 SECTLIMERTIA )
117 FORMAT(12QH STATION NCo
1S S*ZTLINERT]A
118 FORMAT(IA1S)
119 FORMAT(36MHOITFRAT,
120 FORVAT{ | SHOANEARQINS CTATIANS )
121 FORMAT(T711p
1AT STATION NOg I2)
122 FORMAT(]120n XX cxx
1 (844 cyy
123 FORVAT(190E)9,6)
124 FOAMAT()20n4 MXX nex
] Myy 144
12% FQRﬂAt(!P6EIZ.4i
126 fOR"AY(S?ol’b‘lb.hl
127 FORMAT(102H bR3LSTATICA VALY o X el [,
1 ‘ASS.‘-O]“. KY
128 FORMAT (7840
1TRANSLATORY wargoy L
129 FORMAT(THHD
IRITATIONAL VOTION )
130 FIRMAT(104N dRG4STATION

NOoHRU%
CYRQ4MOM,

VASY

MASS

INERT [aox

1 INERT [Aey vy
13 FORMAV(1201P2F18,7)
132 FIRVATIIT41P2E21e7)
133 FIRMATIS6HOUNRAL AN, STe 2-UNBALANCE
134 FORMAT(18r0COUPL IRG STATIZNS)
13% FORMATI18HQDIAGNOST|C )
*36 FORMATILO“INTAGNOSTIC t
137 FORV " (1a40D1AGNOST | C
130 FORMAT(18HODT* “NOST I C
139 FORMAT(1810DIAGNOST |IC
140 FORVAT(1840DIAGNOSTI( 6
141 FORWMATIA2-0INITIAL SPLED
144 FORMAT(1PUE]S,7)
143 FORMAT(1~4ELS, /)
146 FORMAY(19+0ROTOR SPEFNEy )PEJao79I1PM)

LI R I
-

-

)
FINAL SOFEED

SCALE FACTOR)
SJeUNUAL o
NOoCASES

LTFRPAT qCONVERG4LIMIT

UNBALANCE RESPONSE OF ROTOKk wiT
PhOO12

)
MECHANTC
)

NOoCOUPL . PEDSF
DIAGNOSTIC INPUT )

ROTOR DaATA .

LENGTH CROSS

LENGTH CROS

POLAR MOV INERTTA TRANSVeMUM, INERT A H

’
HEARING

KXy cxy
Krx Cyx )

MKY oxy
MyYX Dvx )

<X cx
Cy L]
OEDLSTAL OATA,
PEDESTAL DATA,
"X X
oy

. Y=UNUALANCE }

COEED INCRe )

-Y-32¥]
g9uu
6910
8920
893C
8940
8950
8960
4970
0900
89v0
9000
9010
90¢v
9uU3e
9040
9050
9060
$070
9060
9090
9100
9110
9120
9130
9140
9150
9160
9170
9180
2190
9200
9210
9220
9230
9240
9259
9260
9270
9280
9290
9300
9310
9320
9330
9340
9350
9300
9370
93480
9390
Y6400
9810
9620
9430
9440
9450
9660
9470
1 2 Y 1%
949y
9500
10

< SRR T




1?7 FOR¥AT{ION alTHOUT GYROSCOUPIC VOMENT }

lan FLRZATI1GeIPE159¢501PE Jbe 10175 ] 7541021445}

1% SIRVAT(IP€74454]1P35 146"

160 FORVAY(]29M STATION MAJCR AX]S MINUR AX[S ANGLE X=MAJOR PHASE
1OANLLE PAJDT AXLS MINGHR AXTS ANGLE X=MAJOUR  PHASH AnCLED

181 FNRUAT (9 AMDL I TUDE

H RENDING MCMENT)

122 FCRVAT(I741PE17eT)

193 FURMATI24N0ITFRAT AN tenuk }

1o4 FORMAT(24r WITH GYROSLOPIC NMIMLNT )

155 FOP“AY(39ﬂOOVFR/UNU£&FLOw IN XSIMEQF AT I 1)

156 FORMATI4=0MATRIX S SINGULAR IN XOLIMEGF AT 1}

157 FORVMAT(]IDP4LEL4,6)

730 FORVAT(38HQ F~R(CE YR\NS“!TTtJ TU 8<aRINS HUUSING)

72] FORNMATIIINO FCICE TRANSMITTE™ TO FIUNDATION)

712 FORMAT(18HO PENRESTAL MATIAN ) '

T FORMAT(120 nRGeNDe MAJCR AXIS MINOR Ax1S ANGLE X=MAJOR PrASE
1 ANGLE X-AVOL ] TUDE X-PHASE AKG Y-AVPLITUDE Y-PHASE ANG)

736 FORVATI1ISA0 tNERGY INPUT=91PL1GeTe2]1H ENERGY DISSIPATEC=slPLl4e?
1)

Ean

$13FTC SUERS V94 9 XRToL15TeNONECK

SYBRCUTINE SURR

DIMENSTON 3MXCI109 89)+BMX5(10s 80)+AMYCI10s U oBMYSI10s 801 2VXC
ll10061).VX5410-6!)'.fC(lOokl)vVVb(lOokl)oDX(llOobO)oDXS(lOobbloDYC
201006019072 11004019ACH 1060} 9XS1124600eYCE10040)0YS{10040) ¢4DMXAL4O
3)00“‘8(&0).PVXC(63)o?”XD(bO\QDVVA(AU'IDVVB‘QO)QJMYCCQO)'DﬂYD(“O)Q
4DVXA(LO)oDVXRI4C) oDVXC(LC) o VXN {40) o CVYALLO) 9DVYBL4O) sDVYC(40) s
SDOVYDU40) sRM{4N) sRLLGC ) sRS(GO I SRIPILOIeRIT(GO)IsDIA(40)oDIBLIGOI 4D ICH
6&0)ODID(QO)vﬂN(“O"nN‘QO’ODN(QC"Ux‘a"l|UV(60)0LU(Q°’OLQ(25)odKXXl
T3025)o8CXXE 30251 oBKXY{3925)90CXY(3025)0RKYY(3025)eBCYY(3+25)eKYXI
83029)o8CYXI1 20251085 VYXX{13025)e30MXXE392%)085MXY{2925)8DMXY(39251)
GoSMYY (3025} 9d87MYY(3925)985VYX(392%) 231MYX(3e25) ,
OIMENSIIN P¥XI25)ePVMY(25)oPKXI25)sPCXI251ePKYI29)oFCY{25)eFIXILY )
IDIY(25)9PSNX1295)e2D0MX125)9PSNMY(25)e00MY(25)eLC120)9n(898)98(Hs4)
2CUBok I oD{Bol ) oF LUt s20)eCFM(Bod)sENTILICIIRRE(BeY) oDy UX(80U) e,

3 DVUY(&O"DIVVV(3°U)ODFA(3)'aNﬂ("obHC‘)’O)HL(‘l.ﬂUx(z?.‘. ”
4BUX(250402) 9011 (1C0)eCLNR(E)

COvMYON A ¢ v C o 0 y CFM o ENT

COMMAN  HS + DUV o CF9 + MAT * KFN s CLAR

COMMON  PRN3

COvVON NSoNJoVJcNCON“ST0NVON0NGVR0NCA'ON"lA ;0 INPUT o YMeSCF oRMeRL »
IRSONITONGY2oRIPeRITolBoLi'sUXosUYsLCoPMXsPUXoPCX s PMY oPKY oPCY 9KST
ZDIX'QS“XtPQ“X.prQPSVYopPVYo:pSTvSPFNoS”lNCodKX‘OHCXXOBKXYOHCXYI
IBEKYY oBCYY sBCYX o8 YXoBSYXX oDV XX o SMXY ¢ 3NUXY 98 SMYY o HUMYY o BSMYX » _
GHOMYX oCF LK oCH 1C ol JUCHLIE o CF 2K F2CoCF2D0 FLLoCF2AILF20sCF2MoLF 2Ny
SCFLAWCFIoCF IMoCF INGCF1oCF2oCF3elF G oCF5eCFO9sCFTeCFBeSTFLANSP2
GANSPUSPCALo)VXAoQVKHoOVXCoDV!UoOVVAvDVVﬂo)VYC'FVYﬁoJ”‘AoDNXBODﬂlC'
TDMXD ¢ DMYA D" YASDMYC s DMYD e AN oSN DN 1 1 ]

COMMON SMXCOGVXSQSﬂYCoB“VSoV!CoVthVYC'VY:oD(ClDXSvUVC'OVSQXCvXSQ
1YCoYSeDIADIBDICe IINeDVUX s DVUY oDUMMY o SHR ¢ SHO s SHC ¢ SHD 0 AUX o BLYX
COUMON JCAL sAMS,NITC i

100 FORMAT(72H0O i

1 H . i !

101 FORVAT(72w /
1 )

102 FORMAT(120M] UNBALANCE RESPUNSE OF RQTOX .11
1H NON-UNIFOX¥ UBEARING SUPPOUKTS  PNOO11 i

103 FIRMATI1204 Ecnanxc
1A%, TECHNOLOGY o 1% o - ',

104 FIRMAT(]IP4ELS,7)

105 FORMAT(1015)
106 FIRVATII941PL2%45)

IHey
4530
954C
%950
¥h60
9570
yhal)
959C
Yy6ul
7610
9640
9630
9640
¥6°0
9660
9670
9600
96%0
$70C
9714

972v

vO3u
v0«0
V050
vJ60
0070
(71 1)
v090
v]luv
vily
v120
v]sv
v1lay
vl
viéu
vlrc
0200
0210
0220
V230
Vw240
0250

o028

8930

8940
4959
84960
oy iV
o960
89%0
YIU0
910
9u20
Y030




~-~p P

107 FORMAT(3IQMOYOUNGS MODULUS  SCALE FACTOR! v 9040
108 FORMAT(]120H0 STATIONS NOoHRGSe  NULUNBALe NOSCOUPLe  PEDSF 9050
ILEXe ORG.MOMENT GYROeMOMg  NOGCASES DIAGNQSTIC INPUT ) 9060
109 FORMAT(]PSEL15,7) 9070
110 FORMAT(1T749112) 9080
111 FORMAT (352 ROTOR DATA ) 0Y0
112 FORMAT(1232]14,6) 9100
113 FORMAT(1PSEL4,46) 9110
114 FORMAT{[741P3€2067} 9120
115 FORMATI1741P5F204 7} 9130
116 FORMAT{T2H STATION NO, MASS LENGTH CROSS 9140
1 SECTLINERTIA ) 9150
117 FORVMAT{120H STATION NO, MASS LENGTH <ROS 9160
1S SECTSINERT.A POLAR NOMgINERFIA TRANSV,MOMq INERTIA ) 91170
118 FORMAT(1415) 9180
119 FORMAT(36HOITERAT, | TERAT¢CONVERGeLIMIY ) 9150
120 FORMAT(]13HOBEARING STATIONS 9200
121 FORMAT({71H0O BEAR! .2 2210
1AT STATION NO, 12} 9220
122 FORMAT(]20M Kxx cxx KXY Cx¢ 9230
1 XYY cvy KyYX cYx ) 9240
123 FORMAT{1PHEL5,6) 9250
126 FORMAT(120M “xx DXX MXY XY 3260
1 wyy pYY MY X nYx ) 927¢
12% FORMAT(IP6EL2,4) 9280
126 FORMATI[T:1P67F14,44) ' 9290
127 FORMATI102H BRGGSTATION MASSeX=DIR, KX cx 9300
1 MASSeY=DIRe KY cY ) 9310
128 FORMAT(78HO PEDESTAL DATA,. 9320
1TRANSLATORY MNAT]ON ] 9330
129 FORMAY {780 PEDESTAL DATA, 9340
1RITATIONAL MOTJCH ) _ ) 9350
130 FAORMAT{102H BRGLSTATION INERTIAX MX DX 9360
) 1 INERTIAWY My by % 9370
131 FORMAT(15,1P2F1567) T IRy
132 FIRVAT([7:1P2F2147) 93%0
139 FIRMAT(SGHOUNRALANCE $Ty X-UNBALANCE V=UNBALANCE ) 9400
1346 FORMAT(18HOCOUPLING STATIONS) 9410
135 FORMAT{18HOD]JAGNOSTIC } ) 9420
141 FORMAT{G2HOINITEAL SPEED FINAL SPFED SPEED INCRe) 9460
1446 FORMAT(1PHELS,T) 180
145 FORMAT(126E15,7) 9500
146 FORMAT(13HOROTOR SPEED=¢1PEL4e 70 3HRPM) 9510
156 FORMAT{34MHOMATRIX 1S SINGULAR IN XSIMEQF AT 1) 9630
157 FORMAT (1P4Elaeb)
GO TO (900¢227¢300)0l11
900 READ (5.1C0) ‘
READ (5,101) o n400
READ (959105)%4SeNRBoNUINCyNPST ¢NMOMoNGY K (NCAL oNDIAG INPUT 0410
READ {(5+106)1YMeSCF : 0620
WRITE (64102} ' 0630
WRIYE 16+103) 0640
WRITE (64100} 0450
WRIYE (&o101) U480
WRITE (6+1008) vs70
WRITE (60110INSoNBoNUCNCoNPST oAMOMoNGYR ¢NCAL oND 1AG o INPUT 1Y 1]
WRITE (64107) 0490
L WRITE (6+106)vMeSCF 0500
IFINGYR) 20202014202 : T TO%10
201 READ (501121 (RMIJIGRL (I eRSIJ) 9 o1 oNS) 0520
WRITE (5,111 0330
WRITE (6s116) Ty
WRITE (61180 (JeRMUINGRLIIDI GRS IS 0 Je] oNS) 0350

o —— e gy




o

W'D 200
297 READ (54 1CHINTTeN5YR . .
wNRITE (56411 7)
WRUTF (AelD5INTTeNOYR
WRITFE (eellld
CREAT S lIIVIRVIIN eI oSN ok IP LIV eRITIIN 0ux]¢NS)
AUNTE (A1 T
AUITE (81100 (deRMUJYaRL U oS UUNeRIP(L)eRITIIIeJ210NS)
203 RIAT (SelIRY(LRILY e J21 oK)
KAUTF (60127
AULTE (61181 (L3I ed219N2)
212 RcAD  (S5e 1210 1LUTIN sUXTIY oY L) 0 =] aNU)
ARITE (601201 .
WRITE (61320 (LLTJ) o X{IYeUYd) ezl eNU) .
214 IFINC) 21542970215
215 READ  {5ello)(LClJIed=]leNC)
WARTITE 165134 )
WRITE (641181(LCIJ)oJaYNC)
207 1E(NDST) 20842284204 ‘
2N GRITE (4,129
WRITE (54121
NI 209 J=1lsNR
REAL (9561291 2MAUJ) oOKX{II)oPCXIJI)oPREY LUV oPKY (L) oPCY(J)
KST=L3(d) )
2C9 WRITE {601261KSToPVX{JIePKXLI) o2CXIJ) oPMY (I ePKY U)o PCYLUIY
[F{vDY) 21092284210

210 #RITE (6412%) ! *
. +RITE (6+130)
NO 211 J21eNY
READ  (501251PIX {1 aPSYXIJ) o0 AX (D921 Y1 J) 9PSMY (U] PLMY (J)

<ST2LRIJ) . ,
211 WRITE (6+12610STe21X(J1aPI# (TN oBDUX(J) gPIY(J) eDSHY(J) oPOVY(J)
228 IF(NCAL-11 2214220271 _
220 READ  (54112)1°PSTo5PFN4SPINC .

WRITE (54141 .

WRITE (5511215PST4SPFASSPINC -

READ (50112‘((‘KX“,0J)o'3103)o(dCXX(leitlslo3l- 11-19.3 A B KW

11 el2103 0030Vl 0 lol2o3)al2KYY I e )olalolaladCYY (Loude i2dedleln
2KYX(!vJ1ol’.-’)ol‘LVX(I'J)'|’103)0JBIQNH'
0206 Js N4
KST=LAL L)
WRITE (691211¢5T
WRITE (54122)
204 NUITFE (601201 {RCAX T oS} oYX T o) oNCXY ([0 J)oRCXY (T eJ)e PKYY(1sJ)eR
1CYYUT o) oKXt Lo ) o3CYXIToJY)el=]e3) - .
ITINMCM) 20542164205
205 READ (51121 0(3SVXX I o ol = o) o (ADPMXX (10l sl=2led)o(BSMXY(]s
lJ"l'loS’!(dD“!Y|IO""’l-1l0(3‘”(Y‘l-Jl'l‘lb3)o‘6ﬂMVY(l'J’O"l
203)0t8SVYXIIoJ)elxl o)) otBOMYX(Lod)elaLs3)edmleNn)
DY 205 J=214NY
K3T=L0J)
ARITE (6+12101KST
ARITE (60124}
206 WRITE (60‘71'(89W¥!(ltJloQHvillloJ)o“S“XY(loJltdOUlY(loJloﬂaNYV(lo
TJVeBAVYY L 1 9J) oBSYX(1eJ)eRNMYY{ JaJd)elsled) *
60 ¥O 216
221 JCAL=]
227 READ _ (5415718787
READ (901571 BCXX Lo I eBCAX{ e ) oRAXY (Yo ) odChY 1 eJd)s BEYY(1leJ)
1oBCYY (1w ) o3KYXILad)aBCYX{LoaJd)esn]l o)
WRITE (6910615PST
DO 223 JaleNK ot
ST 8J)

’

o6
v/
uval
uby13
[*7-X%14]
el
v6<(
06 3¢
Uo60
U650
V660
V670
[¥7--1¢]
VeY0
v700
¢710
v720
u730
V760
0750
0760
urio
uy740
uv790
wpguo
uslo
820
V830
vya4o
V650
vy60
U870
0800
0890
6900
u9io
v920
v93L
22 1))
9950

- U960

U970
0900
0990
10C0
1010
1020
1030
1040
10%0
1060
1070
lvel
1090
1100
1110
1129

.1130

1160
11>0
1160
1170
I9Y.1%




WRITE (%5e1211x8Y
WRITE (64122) ,
223 wR]TE l69121l¢(!l|loJloBflllloJ’QRKXYCloJloBClV‘loJIOGKVVlloJlOBCY
lV(IoJ)oB(VllloJ)oﬂCYllloJ)
[F {NuDw) 22642164224
224 READ (§o|57'(8§Nlllch’o.““'l(’OJ?'QSVIV(IOJ)oﬂDHXV {101 0RSM
lYV(l'J'OODVVVIIoJ!085“’!(}-J!oﬂh”*!lloJ’OJ'l.Hul
DO 226 Js)4Na
KST=LB(J)
WRITE (6412101x8Y
WRITE (841240
229 wWRtte ‘6-lZ”BSdllllOJIQRD“IX(!oJ'oBSNlV‘lOJ'OBO"!V'l.J)oBS“VY'].J
l’oﬂDMVV(loJ’oﬂSMVI(luJ'tRDMY‘(!oJ!
DO 228 122,)
ﬂ(l!floJ"Ooo
BCXX1leJ1n0,40
BYXYt1eJ12040
87XY(1ed)20,0
BiYYi1e0)20,0
BCYY(IeU)20,0
B(V!(loJ"Olo
BLYXI1eJ)uQ,9
BSMXX(1eJ)up,p
BON!!'IOJ)'D.O
BSMXY([sJ)e0e0
BOMXY (] eJ)m0.0
BSMYY (141000
A0MYY(190180,.0
‘ASMYX(14J100.0
BOMYX(19J)e0,n
226 CONTINUE
216 GO 10 2%¢
CONVERT INPUT UNITS
250 AMS*1000.,0

CF12386.0498Aus
CF2aCF1/240
RSINS )RS (1)
DO 251 JeleNg
RM(J)oRM( ) /CRY
RIP(JIaRIP( )y sCF2
RITUJI=RIT(J)/CF)
STEeyM/AMSORS 1 )
AN(J)=RLIJ)/STF
BNEJISRLIJII2,00AM()

251 ON(JIeRLIJ)/3,008M(,)
00 292 JsloMy
URLJ)eUXIJD/6177,1)

252 UYLIIUY(J1/6117T0}
SPCAL=SPS T
ANSP20,1047197¢05PCAL
NITCs)

SPEED DEPENDLNT PARAMET:asS

300 ANSP2eANSPEANSE
07 301 Jslens o
DMXALJ) 00,40
OMXB(J)1%0,40
OMXC (412040
D 4xDiJ)=0,40
DMYA(J)9040
04v81J)e040
04Yi1J)10040
0%YD( J120,0
STF=RMLJ) 0aNSP2

- - >

’

1150
1200
1210
1220
1230
1240
1250
1260
1270
1480
1290
1300
1310
1320
1330
1380
1350
1360
1370
1380
1390
14C0
1410
1620
1630
1440
1450
1460
1470
1680
1490
1%00
1510
1520
1530
1540
1550
1560
1570
1500
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1790
1790
1770
1740
1190
1800
1410



inl
In2

303

304

305

306

307

CYXA(J)=STF

DvyYA{J)=SITF ; .
DVX31J120e0 o S
OvVXClJi120,0

DVXO(J)®=060

DVYB(J)=20.0

OVYCiJ)1=0e0

DYYDIJ)I2040

DIALJ)I=040

DIB(J)=0s0

DIC(J)=20.0

DINLJII=0.0

NO 311 Jsi,yNB

KST=LB{J)

KFN2gy

CFIKZBRKXX (10 )+3KXK{20J) RANSPUKXX(30J) ®ANSP2
CF1Cz oCXX{10 ) +BCXXI20J)RANSP+oCXX(39J) PANSP2
CFLlDSBKXY {19 J)4BKXY (29 . ) RANSP+BRXY (39 J) #ANSP2
CFLIE= BCXY(1oJ)euCXY (20 J)0ANSP+aCXY(34J)0ANSP2
CF2K2RKYY (19 2)+BRYY{20J) RANSPIERYY(JoJ) RANSP2
CF2Cs BCY7(1eJ)+d8CrY (20 J)1RANSP+oCIY(30J)PANSP2
CF203BKYX (1 9J1eNKYX(20J) RANSP4BRYX(39J) BANSP2
CF2E= BCYX(19))8CYX{20J)0ANSPOUCYX(30u) ®ANSP2
TF(NPST) 30393050303
CRIVEPRX(J)=PUX(J)/3860069ANSPY
CFIN=2PCX{ J) ®ANSP

CFlA=CFLIK+CF1m

CFlB8=CF1C+CFIN )
CE2MePKY(J)=PMY (U1 /386.069%ANSPY -
CE2N=PCY{ J) RANSP

CT2A=CF2K+CF 2

CE25=CF2C+CH2N : e
G) T0 307

KSN=] ..
(FlKlBSMlx(1-J)*BSMIK(ZOJ)’ANSP*BSMXXI30Jl'AN$PZ
CrlCs BDMAX(14J})¢3DMXX{20J) RANSP+BOMXX (39J) #ANSP2
CFID=ASMXY (1)) ¢B3MXY (20 J)*ANSP+8SMXY (3 0J) ®ANSP2
CFlEa ADMXY(14J)+ADMXY (24 J) #ANSP+HOMXY (39 J) PANSP2
CF2K=BSMYY (19J)edaMYY (20 J) RANOPHESMYY (39J) *ANSPZ

-CF2C= BDMYY(14J)4HOMYY (2+J) #ANSP+BDMYY (39J) #ANSP2

CFUSBSMYX I Lo ) ¢USAYX(29J) PANSP+USMYX (30 ) ®ANSP2
CF2E=s BOMYX(1,J)+8DMYX(24J) PANSP+BDMYX(39J) ®ANSP2
IFINPST) 3059306+305
CFIM'PSMXlJ)-PlKlJ)I306.0690ANSPZ
CFINsPDMX ( J) 2ANSP

CF1AsCFIK+CF1lm

CF18aCF1C+CFIN
CFZ"'PSNV(J)-°lVlJ)I38600690AN592
CFZN'PD"Y(J!"NSo

CF2AsCF2K+CFam

CF28=CF2C+CF2N

GO TO 307

CF1=CF1K

CF2=CF1C

CF3=CF 1D

CFosCFLE

CF9%=CF20

CFé=CF2E

CFT=CF2K

CF8sCF2C

GO0 TC Y08
CFQ'CF?A.CFZAOCPIBOCFZB
CF1o(CFIARCH LN *LF200CF2E)/CF &

ldeo
1830
1840
1850
la6ou
ie70
Y1 14}
1690
1900
1910
1920
193°
1960
1950
1960
1970
1900

. 1990

2000
2010
2920
2030
2040
2050
2060
2070
2080
2090
2160
2110
2120
24150
2140
2150
2160
2170
2160
2190
2200
2210
2240
2230
2240
225%0
2260
2470
2200
2290
2300
2310
24320
2330
2340
43%0
2360
2370
2380
239¢
2600
2610
2620
2630
2640




$
C

ChHea(lr2anChlt=CroueCr2L)sCite

CEIa((r2A0Cr ve(r2a0CtINI/LEG

CSan(Ci2aeCr2n=ChluoCheM/itb
CTnsCFlA=CH)OCFluelr2oCF ¢

CroeCFlu~Choolrlu=crieoCrit

Ci7aChAoCH1DeChGoC( 1

C 8e=-CréeeCFID-CFIoLt L

CFINSCF oo CFY¢CFOoCHr S

Cr2A(CFYeChH LMOCFOPCFIN) /P 2N

Cr2us(lF>eCH IN=CFO®CE LIM) /(F 2N

CH2va(CrooCh 1eCF OO P B /CH YN

CHINS{CFOCHB-CF58CHT7)/CF2N

CFlAs=CF ) oCF2A®CF 20(F 201

CFlUsCF1eCF2uUeCF2eCF2A

CHIMaCh3=CFLoCF2MoLr20Cr 2N

CFINa(F&~CFloCF2N~CF2%CF2M

CF1aCFIKeCr2A=CF1CoCF2BoCFLUSCH LaeCt 1 oCFlo

CH2aCFIK®CFRUeCFICRCF2A=CFlue r loeCFLE*CFlA

CFIsCFIKOCF2MaCFICPCF2NeCFLURLE IM=CFLLYCF N

CFoaCF IO FNeCF LCOCFIMeCF L. oCr INCCFLESCFIM

CHS5SCF2UYCH QACFRERCF213+CT 2R e F 1A«CF2C*CFlb

CFOaZF2DCH20+CF2ERCFLA=CF 2K OCH JueC2CoCFlA

CF 1aCF00CF 2MaClr2E¢CH 2NOCF 2K OCF LM =CF2C*CF N

CFUsCF200Cr ¢NeCFREOCF2MOCF2<CH INeCH2CHCT LN

3008 Lt (KFN) 310630904310
309 OVXAIKST)sDVXAIKST)=CF1/aM5

DVXBiK3ST)alF2/7AMS

DVXCIKST)sCF s/7AMS

DVXDIXST)sCFésruS

DVVA((S')‘OVVQ(‘SVI-C’7/‘"5

DVYBIKST)sCF3/AMS

DVYCIKST)IsCFS7AVMS

DVYVIKST)CFO/7AMS

[F(NMOM) 30403110304

310 OMXA(KSTISCF1l/7AvS .

NDMXB(CST)eCF2/7AMS hy
T OMXCI(KST)aCF I AMS

UMXD(KSTIaCke/7AMS

DMYA{LSTIaCF 17AMS

DMYB(LKST)aCFU/AMS

DMYCIKST)IaCFS/7AVS

NMYD(RST)aCF6/AMS

311 CIOINTINUE
I INDIAG) 31243134312
JIAGNASTIC )
312 wlTE (60135)

WRITE 160109ICF1&uLkl£o(fluoC*ltokiZloCFlCon‘Do(Flto CF2A¢(F2d+C
1F2MoCF2NsCF IAGCFIneCFLMeCH INOCF J oCF2eCF 3eCF6eCi50CFbe CFT7eCFuoSTF
20ANSP2oANSP ¢ SPCAL ’

WRITE (60118)KSTokFN

WRITE (691604 (OVAALIJI) eUVRUIJ) oUVXC ) ouvROLIIQUVYALJ)e DVYEIJ) 2DVY
1CEJIeOVYD L d) e ol ayad o §OMXALI) sDMXB I J s o SMACIJ) oUARDIJ ) 0 DMYALJ ) sDNRY
280 J1.DMYCIJ)oDMYDLIY sd®LeNA )

WRITE (601450 (RMIJIGRIP(JIIonITIII ANV ) oBBinlJ)olNIJD 0 JoloNS)

313 RETURN .

EnD

I8FTC ARCY M94xR7
ARCTAN ROUTINE

FUNCT ION ANGIAFCSeAFSN)

ACS=AFCS

ASNSAFSN

800 IF(ASN) 8Q408N],804
801 IF(ACS) 80248034009

L6450
2660V
2670
2600
240
2500
2510
2520
2530
2540
2550
2560
2570
£500
2590
2600
¢6lv
2620
2630
2640
2650
2660
2670
268V
2690
2700
2710
2120
27130
27460
27150
2760
27170
2780
2190
2800
4810
282V
283V
2060
2850
2860
2570
2840
2090
2900
2910
2940
2930
2960
2950
2960
4970
2940

v020
3010
v030
0040
w039
0060

e




802
an3
404
ans
806
s$07
408

409
a10

811
312

End
$I18FTC EQss

240

241

242
243
244

28%

284
247
248
249
2%0

251
257

2%2

et ——_—— . . -y

ANG2180,0
50 13 812

ANG=0,0

GO 10 812

[FACS) 80v4805,808
IFLASN) 808s8n3,807
ANG=-90,0

GO 19 8}2

ANG=90,0

60 19 832

ANG=040

GO 10 819

ANG==180,0
ASN=ASN/ACS
AZS=ABS[ASN)
AZS=ATAN{ACS)
ANG=ANG+ACS#57,295749
[7CASN) 811,812,812
ANG=-ANG

RETURN

‘ M4y xR7
SUBROUTINE EQs

DIMENSION 408481 401844)0CI804)
1CUMI(100) oCLNRIE) -

COMMDON A » B o C
CoMMON RHS s DUM] s CFy
COMNMON PRN3 :

KFN=KFN

KFN=]

GO 10 l2&00260v260v280).NAT
DO 254 Jal,s
PRNR=] .0

PRN220,0

PRN3x),0

PRNG20.0

KbsQ

DO 248 =],4
PRNI®A(],44)

IF (PRNT) 26420241 4243
PRN22PRN2+1 .0

GO 19 244

PRN1=~pPRN])
’RNR'pRNR'(PRMI"0025’
PRN1=B(],4)

IF(PRNL) 246192454247
PRNa-PRNAOI.o .
Koskage]

GO 10 248
PRN1s~0gN]
PRNitPRNl'IPRNl"0025I
CONT INUE :
ITIPRN2) 250925GC+249
°?NZ".O/'6.O-DRN2)
PINR-PRMR00PR~2
CLNR I J) »PRNR

17 {PRN4) 2520252,2%)
19 {Ra=a) 257¢25%2025¢
DVNQ‘QoOI(QoO-PRNQ)
Pd”)‘P“N"'URNQ
DUNL 1) =PRN]

00 233 J=}],4
‘(llJ"llloJllPQNﬂ

led-lloCFﬁ(BoB).EN?(lO)’RHSprl)0

s D s CFM » ENT
s MAT » KFN s CLNR

vo170
Q080
0090
vl00
0l10
U120
viig
Ul4e0
visg
visv
0170
viao
0190
Va0
o210
0220
0Zap
V240
UdhY
Ueo60
Q270

DI R
w020
Ju 3o
0060
007y
VDY)
0120
vl13io
0140
g150
V160
vilv
V180
o190

veuo

‘PT]
V2o
0230
0240
G250
V60
v
vie0
U290
v300
v3lo
V3
v3iio
0340
035¢

- Q360

Gi70
Lie0
03%0
veuo
v4l0
vaell
CLE ]
Jaeo
9450
wa oo

e

I




2%)
254

255
2%6

260

261
262
263
264

265

-

265
287

268

289
270
2171

272
217

213
ars

275
276

200

2801
282
283
204

2089%

B‘loJ"ﬂll.J’/pnﬂ’
CONT INUE

CALL 4AY|NV‘A.Q.80QOCF9,
D0 256 Js),s
PRANLADUML( J)

D0 255 lsis
AGI.JD'B(loJIICLNRIIIOPRNl
CONT I NUE

GO 10 297

PRN3I=],0

PRNASQ,.0

Ké=()

00 271 Jsiea

PRNR=1,0

PRN220,40

00 264 Is],44
PRN1=Cl],J)

LF(PRNL 262026] 42063
PﬁNZ'PRNZ*l-O

GO TO 264

PRN1»-PRY)
PRNR'PRNR"PRNI..OCZG’
CONTINUE

1F(PRAN2) 26642860265
PRNZ-Q.OIlQ.o-anzl
p?NR'PRNQ'.PRNZ

CLNR{ J)=PRNR

D) 267 f=]4a
C(loJ)nctloJﬁlPRNH
PINIsD(Uel)

IS(PRN]) 2690208802 1g
9QN§DP“N601.°

KeeKao]

GO T0 271

PRN]=~PRN]
PRNJ'PRN"‘“Q”I"OO?"
CONT INUE

IF{PRNY) 273427134272
IFika=4) 2174273427
PRNQ'QQOI‘QQOOPQNQ’
9ﬁN3'PRN3‘.PRN§

00 274 Jel s
D(JDl)'D‘JOllI’Q”’
CALL MATINVICoasDoloCF9)
00 276 f=]144
C‘l!l'.a'l.i'lCLN.il'.DRN)
GO Yo 297

9RN"10°

’RN"OO -

K420

00 291 Js},¢

PRNRs 1,0

PRN2=0.0

00 284 a1,y
pRNl'(F”"!J’

IF (PRNL) 282,20)920)
PRN2=PRN2+¢] 40

GO YO 204

PRN]=-DAN]

PRNRsPRNR®( Phiilenge29)
CONTY INUE

IF (PRN2) 206,2060205
’QNZ'.OOIl.OOO’!NI)

Vvel70
U680
0690
0500
vs10
[V1- P44
U530
vb60
vSou
U%6Q
L5570
0580
0590
0600
velo
v620
V630
0640
V650
0660
G670
V680
08690
0700
0710
V720
V730
0740
u7%0
U760
0770
0740
0790
0800
os1c
V820
0830
0840
0850
({1 1Y)
0870
Lba0
¢g890
u9Qo
U910
0920
0930
0940
09%0
0%60
0970
0980
0990
1000
lolo
1920
103%0
1040
10%0
1040
1070
1080
1090

- b -



236

287

288

289
290
291

262
294

293
294

29%
<96
297

P INR:PRNKEBDRY2
CUNR(J)2PRNR

D) 287 Islso

CEMUT 2 ) =sCFMITd)ZFanR
PIN12RHS(Je))

If (PRN1) 289,288+290
PRNGEPIRG 4] 40

K4sK4a]

GO 10 291

PRN1=2~=PRN]
PRN32PRNI®(PRNL1##0412%)
CONTINUE

IF (PRN4) 293,293,292
IF(K4=8) 29042934473
PRNG2B40/(8e0~-PRNG)
PRN3=PRN3##PRNG

00 294 Js=1,8
RMS(Jsl)sRHS(Je])/PRN]
CALL MATINV(CFMy84RHSs1+CF9)
DO 296 1=1+8
CFMUT41)2RHSIT+1)/CLNR (] ) #PRN)
RETURN

END

SIBFTC MATRIX M94sxR7

<
C

a¥a¥a

AN a¥al

AN

10
15
20
30

. 40

45
50
60
70
80
85

90

95
1co0
10%
119

130
140
150
160
170
200
205
210

MATRIX INVERSION wiTH A(COMPANVING SOLUTION OF LINEAR EGUATIONS

SUBROUTINE MATINVIAsWNsBeMsDETERM)

DIMENSION IPIVOTIS 1o AlBs8 J» BiBss Yo INDEX(da+2 }o PIVOT(S )
EQUIVALENCE (IROWsJROW) s (ICOLUMeJCOLUMEs (AMAXs T, SWAP)

INITIALIZATIOW

DETERM=140

DO 20 Jsl.N
IPIVOT(J) =0
00 550 I=1,N

5SARCH FOR PIVOT ELEMENT _ ' .

AMAX20,0

D) 10% Js1N

1 (IPIVOT(J)=]) 6Ly 105, 60 ‘ .
DY 100 k=1,N

IF (IPIVOT(K)=1) 80, 100, 740

IF (ASS(AMAX)=ARS(A(JeK))) 85, 100+ 100

IROwWs

I1COLUMsK

AMAXSA({JoK)

CONTINUE

CONTINUE
lPIVO!(lCOLunl-lPIVOY(lCOLUMl*l

INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

IF (IROW=1COLIM) 14n, 260, 140
DETERMe=DETERW .

00 200 L=1:N .
SWAP=A{IROa oL ) , _ o
A(lROH'LllA(ICQLU‘oLI

ALICOLUMeL ) 2SwAP

[Fi™) 260+ 260, 210

DO 250 Lsl,y

TR LR TR S s il e v

11v0
1110
1120
1130
1140
1150
il60
i1/0
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300

1310

1320

ERIYPI0)
V030
Julo
V040
vi50
0070

00480

v09%0
vi100
vlio
0120
V130
vileQ
0150
visu
vli70
ula0
0190
V200
0210
0220
0230
vaeo
uaso
'r{]]
Vet
V480
G<90
V300
vilo
0320
0330
V360
V3%0
V360
0370
vie0
V390
0400

PURTRET A | AR

P SO




[aNa¥al

2 ¥aXa)

[aXaXal

229
2130
2%9
260
270
310
320

330
3a0
350
35%
360
370

380
390
4«00
420
430
450
455
L 17)
500
550

600
610
620
630
649
850
660
670
700
108
110
140
7%0

SwAP=g (304900
BUIROW L I = [COLUMOL)
BUICOLUML )3 SWAP
INDEX (1ol )nIRNW
INDEX(1o2)slCALYIM

PIVAT( )AL ICCLUMICILUM)
DETERMSDETERMO2IVOT(])

DIVIDE PIVOT ROW BY PIVOT ELEMENT

A{ICOLUMy ICOLUM) =140

N 350 L=1N
ALICOLUMILIBALICOLUMLL }I/PLIVOTI!)
I€(M) 3800 )80e 460

D) 370 L=lM
ALICOLUMsL) =B ICOLUNWLI/ZPLIVOT(T)

REDUCE NON-PIVOT ROWS

DO 950 Lis=lN

IF(L1-1COLUM) 4000 5500 400
T=A(L1oICOLUM)

ALY ICOLUM) =040

DO 450 L=1N
ACLLoL)sAILLoLI=AIICOLUM L) ®T
IF(M) 5500 5300 460

00 500 LsleM
BILloLdsd(LLo)=B¢ICOLUMyL )T
CONT INUE

INTERCHANGE COLUMNS

DO 710 Is)eN
LeNel~1

IF CINDEX(LOL)=INDEX(LS2)) 630¢ 7100 630

JROWS INDEX (L 1)
JCOLUMS INOEX (L o2}
DO 70% KsloN
SWAP=A(K ¢+ JROW)
AKX o JROW) mA (K 4 JCOLUM)
ALK 9 JLOLUM) s SWAP
CONTINUE

CONTINUE

RETURN

END

END OF FILE

Vael0
V420
0430
V640
0650
U460
Ue70
0480
U690
U500
v510
us20
0530
0540
0550
0560
0570
0580
V390
0600
V610
0620
V630
V640
u650
V660
0670
0680
0690
0700
V710
v720
0730
U740
v7%0
0760
o770
0740
0790
0800
0810
0420
0a3o
0840
vébo



2aMPL s CALCULATIUN M)el

RUTCR IN RIS1) PROFSTALSeNO uYRUSCIPIC ¥OMLNT

27 4 1 n 0 0 2 1
1,130C0005+07 14n020000E+00
71.600000E+01 34750007E+00 5.250000E+01
24 14N00CE+0]L 200900205490 4 oB80NN0E+01
1.000000E+421 54310000E+00 4,8080000E+01
14250000E+402 5$0620200c+20  14440000£+02
142400006402 24250000E+00 3.020000e°+02
3,8200005+402 54910000E+00 7. /80000E+02
347/60000€E+402 Y473CN0NL+00 2.530000E+03
7.770000E402 7419090Ct+00 d4380000E+02
%6 700000E+02 545700005400 34¥50000E40¢
44930000€+22 741900006400 38500008402
2¢35000NE+02 5eNN00JNE+00 34210000£+0¢
3.000000E+02 6.6200005+00 6.130000E+02
3.130000E+02 4+870000E+00 14930000E+02
842000N0E+Q01 24i33300€+0N 6.800000€+01
3.200000E+01  34190909E400 44180000E+0]
3¢572000E+01 74420000400 2,00N000E+01
24821N00E+01  He650000E400 5e476000E+00
7e043000E+01 14237500t+01 3.120000E-01
4e2977200E+00 12375C0L+00 34120000E-~01
Le297700E+420 1217500E+00 34120000€-01
1e852)00E+01 4¢750000E+00 2.000000E+01
30423700E+01  543200C0£+00 1.092000k+02
9682NJ00E+31  64190000E+70 B845«0000E+02
24431000€E402 64510000L+00 1,602000t+403
1300J0NFE+02 664217000£+00 8, 360000E+02
24843000E+02  44320000E400 1.554000E+02
60370000F+01 040N0000E400 0,000000E+00

A 16 22 27

10 1+n7000002E+21 0.09%0000E+00 .
1.000000€+C3 54107000€+33 2,000000£+03
14542000E+06 0,000000E+00 04000000E+00
3¢362000€+06 040N0200L+00 0.000000E+00

~d44010000E+05 040N0000E+00 NeDOOOOUL+00
14302000E+06 0.0n0000L+ND  N,00N000E+N0
145420005+05 040N0000E+0C 06400000CE+00
1.040000E+26 0.000N00E+N0  0.000000£+00
9.72000NE+D05 0e0N0N00E+00 = 0.000000E400
1:30200NE406 0NNO0NCOE+ND N NOCNOQE+DO
1:542000E406 0eNNIN0CNE+N0  0,000ND0CE+00
34362000E406 040N00200£400 06000000£+00
~8,010000£+405 0400000NE+00 0,000NC0E+0G
13C200N0E+06 0s0N0NO0IE+00 Ne00000CE+00
14542000E+05 06000000E+00 0,000000E+00
1.040000E+06 042n0209E+00 - C«000Q00E+00
9.720000E+05 0.000000E+00 NeN00000E+00
14302000E+06 060N0C00E+2G 04000000£+00
14 463000€E+05 0.000000E+00 1,000000L+00
34296000E+06 0+0N0000L+C0 0.00N000E+00
=1.045000E406  0,9n0000Nt+30 04000000E+00
1.7810200E+06 0000109E+00 N 007000k +00
=14197000CE+05 0.0N0N00E+ND  N,00NN00L+00
1o 756000E+06  0eNAINNNE+IN  N4,CNNCONE+ND
1a175000E40& 0aCO0JIINNESN0  N,N00000E+N0
1,781000E+06 04000300E+2C Ne002000E+00
1o463000E+086 0.0N0050E+¢20 04C0N000E+00
3e2960N00E+06 0«000000E400 0.020000:+00
~1+045000E406 0400077 +00 0,000000E+20
1.78170N%¢36 0s0NCCUIE+N0  9,000009€+00
“1e19799NE+05 040N2700L+00 N4 003000L+00
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SAMPLE CALCULATION NOe2

ROTOR IN FLEX]JLE OEDESTALS AND GYROSCOPIC MOMENT
27 o 3 1 1 1 1 o 1
3.1300000€+07 1.0000000€+00
7 1.000000£~03
7.600700€+01 3+7%0000E+00 5.2350000E+01 1,282000E+404 7¢110000E+03
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3 16 22 27
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E

UNBALANCE RESPONSE OF A FLEXIBLE ROTOR IN FLEXIBLE, DAMPED BEARINGS

Card Text Col. 2-72
Card 2 Text Col. 2-72

:

o. rotor mass stations (< 80)

of bearings (< 25)

of unbalance stations (< 80)

of coupling stations (< 20)

Rigid Pedestal 1: Flexible Pedestal

0: No bearing resistance to moment l: Moment resistance i
0: No gyroscopic moment 1: Gyroscopic moment calculation

1: lst type of bearing data input > 2: 2nd type of beari

data finput.

9. O0: no diagnostic 1: diagnostic given
10. O0: More input follows 1: last set of input

1. E, Youngs modulus, lbllinz

2, Scale factor in simultaneous eqﬁation solutd

Card 7 (l0I5)
1. NS. Number
2. NB. Number
3. NU. Number
4. NC. Number
5. NPST. 0:
6. NMOM.
7. NGYR.
8. NCAL.

Card 4 (1P4El5.7)

IF NOGYR = 1

Card (IS5, 1PE23.6)

1. NIT. Number of iterations in gyroscopic mom.’

2. Convergence limit for gyroscopic moment cale

’

97

R e




ROTOR DATA

If NGYR = 0, use only first 3 columns, FORMAT (1P3E14.6)
If NGYR = 1, use all 5 columns, FORMAT (1P5E14.6)

Give one card for each rotor station, in total NS cards

Rotor Station Mass

Station
(don't
punch)

lbs .

Length of | Cross sec-

shaft sec-| tional Moment

tion of Inertia
inch | {n

Polar Mass

Moment of

Inertinz
1bs.in

Transverse Mass
Moment of Inertia

lbs.inz

1

VO~NOWMPBWN

10
11
12
13
14
15

Rotor S

(1415)

Give NB items

nbglance
(15,1P2E15.7)

Give one card for each rotor station with unbalance, in total NU cards

.1. Rotor station number

.2. X-component of unbalance, osz.inch

.J. Y-component of unbalance, oz.inch




oty ————

Rotor Stgtions with Coupling

(1415)

Applies onl

y Lf NC 4 O.

Give NC {tems.

Pedestgl Datg for Translatory Motion

(1P6EL12.4)

Applies only when NPST = 1.

Give one card for each bearing, in total NB card

Pedes .Mass |Pedes.Stiffn]| Pedes.Damping| Pedes.Mass ' Pedes.Stiffn.| Pedes.D
x-direction |{x-direction x-direction y-directic y-direction y-direc
lbs. 1bs/in 1bs.sec/in 1bs. 1bs/in lbs.se

destgl r Tiltin .

(1P6E12.4)

Applies only when NPST = 1 and NMOM = 1. Give on card for each bearing,

in total NB cards.

Mass Mom. |Angular Angulav Mass Mom. Angular Angular

of Inert. Stiffn. Damping of Inert. Stiffn. Damping

x-directipn| x~-direction| x-direction y-directign| y-direction | y-directi
lbs.in 1bs.in/rad] 1bs.in.sec/rad 1bs.{0< lbs.in/rad 1bs.in.se




Txge 1 _Bearing Data, NCAL = 1
Speed Data (lP3E14.6)

1. Initial speed, RPM
Z.ﬁFlnal speed, RPM
3. Speed increment, RPM

Bearing Coefficients for Translatory Motion
(1P3E14.6)

Give 8 cards per bearing, in total 8eNB cardl{ Each card gives one coefficient

in the form: K = K + K w+ K wz, wC = C +C w+C mz, etc.
XX xx,0  xx,l xx,2 XX "xx,0 xx,1 "Xx,2




Bearing Coefficients for Tilting
(1P3E14.6)

Applies only when NMOM = 1. Give 8 cards per bearing, in total 8eNB cards.
Each card gives one coefficient in the form:

M w+ M wz, wb =D + D @w+D wz,etc.
Xy xx,2

xx- lqxx,od" Hxx,l xx,2 xX,0 xx,1

101




Type 2 Bearing Dati, NCAL 2 2.

Repeat the following input as many times as given by MCAL.

Speed Datg (1P4EL4.6)
. Speed, RPM

Begring Coe clent or Tr lato
{1P4E14.6)

l(xx'mcxx’l(xy’mcxy
K C K ,aC
vy yy yxyx

K. , ¢ K ,uC

xx’  xx’"xy’ xy -
K , o€ ,K ,uC
yy yy yx  yx

Bearing Coefficients for Tilting
(1P4E14.6)

Applies only when NMOM=1l. Give 2 cards per bearing. in total 2eNB cards

M , b M ,aD
xx'  xx’ xy’ xy
M ,ab M ,uD

yy yy yx. yx

M__,aD_ _,M__,wD
xx’ xx’xy’  xy
’w

D
My “PyyMyxr“Pyx

102




APPENDIX B

SAMPLE CALCULATION AND INPUT FORMS FOR THE COMPUTER PROGRAM
"THE STABILITY OF A ROTOR IN FLUID FILM BZARINGS"

103
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$J08 0+5+5000 65-341 s FREEMAN ¢ SESCD
SEXECUTE " 18J08 L

$IBJOR FREVAN - MAP -

S1RFTC ROTORZ M9k'xR14NGDECK

COMMON X619930)eXS(9630)eYCU93019YS{9e30)eDMXA{I0) ¢DMYALIIQ) 4OV
lel]Ol-Dvx&(30!oDVXU(3OPoDVYA(30)oDVYb(BOlODVVC(30'00VYDC30|ODVXC(
230)-4"(30)'RL(30’0R5(30)leP(30)'AN(30)i3N(30llDN(3°)|

LBI10) oBKXXI110)oBCXX{101sBKXY(10)eBCXY{10) oBKYY(LO) oBCYY(
630)OBKVX(10’GQCVX(10)'pRMq‘XO)OBRFR(IO,oFRQl(IOOloFREQ‘XAO'Q PMX(
S101+PMYL10)+PXXI10}9PCXI10)oPKY{101sPCY(10}) CFM{B+3) oENTL(9)
SoCLNR(B)o32N1(5s8)eB2NP(B98) +H2N2(B+8)sCFIeFRWIDTIDRIDELENGY1 921
782PeR22

200 READ (5.100)

201

208

209

228

250

251
229

READ (54105 INSeNBsNFRsNCALINPSTINP
READ (5+103)YM
WRITE (6+100)
WRITE (6+104)
WRITE (69110INSeNBsNFRINCAL oNPSTsINP
WRITE (6+104)YM
WRITE (64111
WRITE (69116}
DO 201 J=1eNS
READ (5+103)RMIJIsRLIJIWRS(J)eRIPII)
WRITE (601141 JsRMIJISRLIJ)IRSIJIIIRIP{I)
READ (5+118)(LB(J)eJ=1sNB)
WRITE (69120)
WRITE (6+115)(LB(J)sJs]1eNB)
IFINPST) 208+228+208
WRITE (6+128)
WRITE (69127)
DO 209 J=1sNB
READ (5.125)PMX(J)oPKX(J)tPCX(J)oPMY(J)oPKVlJ)oPCY(J)
KST=LB(J)
WR1TE l6o126)KSToP“X(J)oPKX(J)'PCX(J)oPMY(J’oPKY(J)-PCY(J)
RESAD (5+103)(FRGQL1UJIeJ31sNFR) )
WRITE (6+101)
WRITE (6+103)(FRQL(J)sJ=1sNFR})
CONVERT INPUT UNITS
A4521000.0
Cr12386.069%AMS
RSINS)=RS (1)
DU 251 J=14NS
RM(J)=RM(J)/CFL
RIP(J)=2RIP(J)/CFI
STF=YM/AMS#RS { J)
AN(J)Y=RL(JY/STF
BN(JISRLIJ)I/2,0%AN( )
ON(J}2RL(J)/3,0%8N(J)
READ (5+103)SPSTeSPFNISPINC
WRITE (6s141)
WRITE (6-103)§P$TQSPFNoSPINC
DO 204 J=1NB
KST=LB(J)
READ (50103)HKXX(JloBC\X(J)QBKXY(J'¢BCXY(JI
READ (5¢1031BKYY(J)sBCYY{J) oBKYX(J)eBCYXIJ)
WRITE (6+121)KST
WRITE (64122)
WRITE l6th3)ﬂKXX(J)oBCXX(J!oS(KV(J)-BCXV(J’
WRITE (6+123)
WARITE (60103)IRKYY(J)sBCYYLJS) oBKYXIJ)oBCYX(J)
Cl=BCXX(J)+BCYYLJ)
Clt(BKXX(J)'d(YV(J"BKYV(J)'BCXX!J!-BKXV(JD'SCYXIJD-BKYX(J)'BCXY(J
111¥/€1 .

volo0
voauv

‘w030

V060
0050
0060
0070
0080
0120
(&
0140
ulso
v160
vi70
0180
0190
0200
0210
0220

- 0230

0240

0250

U260
0270
0280
0290
0300
0313
0320
0330
0340
0350
0360
0370
0380
0390
0400
06410
0420
U430
V&40
0450
0460
Ua70
0480
0490
0500
us10
0520
v530
U540
05%0
0560
0570
0580
0590
0600
0610
0620




205

206
207

204

214

210
211

212
213

21%
216

217
218

219

229
221

222
22%

224
229

226

300

CZ-ucxldJvouCVVlJl-quv(J

C2e{(3<xn )

=Cliey

C4'3860067/C20C1
IFiC2) 20642054205

C225331(C2)
CIeC2

GO 10 207
Cla-1,0
AUTE (60124
wTE (64103
PIMS(J)aCa
D/xAtJr1eC)
BIFR(J)aC)
U‘Qll

MdR=0

KSTs0
MBR=MBRe]
FRW=FRQL ( VFR

)
1C24C1eCs

D0 213 JsleNg

ClaDyxaty)
IF{CI) 21342
IFIC1-FR4Y 2
FRwaC)
MFRsMFR=]
KSTsy
CONTINUE
IFIXST) 216,
DVXA((SYD'-l
FREQIvBR) »FQ
IF(MFRY 217,
MFRseQ
VFRsMEQe]

1F IMFR-NFR)
Ce=0,6
KSTe0

1210
1%2126211

2164215
o0
| ]
218,219

21402144219

(AL-14 5 TT

HSVV(J!-(!i-u(lYlJ"UlYl'Jl)l(Z

DO 222 Je)uNtd - —————

CleDVXA(Y)
IFICly 222,42
IF(C1-C2y 22
C2aC}

KSTsy

CONT INUE
TFIRST) 224,
MBRSM3R+)]
FREQIMSR)=C2
OVXA(XST)sl
G 10 219
NER]svaR
SCAL=SPST
WRITE (64146
A!SPR'O.IOQT
C2eANSPQRANS
WRITE (64148

220220
20222221

22440221

.0

)SPCAL
1976esnCa
PR

)

DU 226 Jys)4np

KSTeL ()

ClePRMS ) sC2
C!OBQFR(J!'SP(!L

WRITE (64117
WRITE (64147
KDC=0
VFRs}

F
FRWSFREQ(MFR

1XSTeC3eCY
J

REQUENCY Deve
]

NOENT PARAMETERS

v63u
0640
0650
T-1-1V)
vér7¢
0680
0690
0700
uTlo
w120
0730
0740
0750
0760
0770
0780
0796
0800
08lo
0820
0830
0840
0d%0
7:1.)
UL ¥ {o]
0880
0890
0900
0910
0920
0930
0940
0950
0960
av70
0%80
0990
1000
1010
1020
1030
1040
1050
1060
1070
10860
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1260
1250

as .

-—ﬂunnn.'u.....!‘




01
102

in3

306

in?

ANSD2ANSPREF Ry

ANCD 2250 0ANCD

DD 221 JzteNS
STF2RID(JyeaNep?

DYXALJY2STE

INASYINEETS £

gr::qv(J)nansnz

DVXAL S 2o TF

2VYA( ) =STF

VX3S En,0

PVXCIJY=29,40

SVXZ(J)2940

DVYBLJ)=29240

DvyCiJ12060

DVYDI(JY20,40

20 311 UsleNHM

KSTaLR({J)

CF1<=0¢xx{J}

CF1C=3CXX(J)#FRY

CE1N=3¢xY ()
C‘lE!nCXYIJ)'fRN.
CT2K=zRCYY ()

CS2C=RCYY () #FRY

CE2n=3KYX(J)

C28=28CYY({J)erRy

I INPST) 3034306030 .
(fln:D(X(J)-oux(JlI366-06?'AN5°2
CFINZPCX({J) ®ANSD
CF1A=CFIK+CF v

CF1R2CF1C+CFIN
CF2MzPKY(J)~PMY(J)/3864069%ANSP2
CF2N=zPCY () ®anSD
CF2A=zCF2K+CF 2w

CF2u=CF2C+CF 2y

GO 19 1307

CFY-CF1IL

CF2=CFi1C

CF3iacre]n

CFusCF\F

CFSxCFr2n

CFe=CF2F

CF12CF2¢

CF8=CF2¢

GO TC 308 ’
cra:crzADCF2A0cF2goc=za
CF1=(CF2A’CV20¢C=2J'CF2[IILFA
CF2a(CF2ARCF2F-CF2unCF2D)/CF 4
CF3-(c*zAO(FZM*C°2n-c52N)I(‘4
CF«-(CFZA-Can-Crzcocrzn)/cFA
CFS-CFJA-CFIOCF11°CF20CF15
CF6'CF15-CF2QCF13-Cfl'CFIE
cr7--cF3-crxco(re-cr15
CFB82-CF4P»CF1N-CFIeCF L
CF2NaCF5eCFhecTouCE g
CFZ‘?GCFs'(fINOCFé'CFlN)IC‘Zw
CFZu-(CFS'CFIN-:F60C>1w:1c‘2~
CFZ"-(CFsocfloCF5OLf5)/($2N
CFZNt(CFSOLFb-Cfs'ut7'/(5?“
C‘lﬂt-CFl'CF2A0CL£'C523
CE1B=CFleCF28eCF2Croa
(’IV-CF!~CFlO'FIV'\Fz-c*?N
(‘thC‘h-C‘l'CF?N-iF?OCbzv

c’!=CF1<-€F2ﬁ-cr1r-'rznorrxn-crxa.<r|;o¢¢xu

12460
1210
1200
1290
1300
1310
1340
1330
1300
1350
1360
1370
1340
1350
1400
1410
1420
1430
la40
1450
1460
1470
lego
14v0
1500
1540
1520
1530
1540
1550
1560
1s70
losu
15y0
1600
1610
1620
1630
1640
1620
1660
1670
1600
1690
1700
1710
1720
1730
174u
17120
1760
1770

“1760

1799
lovy
1810
1840
le3v
1Y TS
ludo
1060
leu
1860




CF2eCF1K8CF20+CFICOCF2A-CFINOCFIB+CFLE®CF1A
CF3eCFIK®CF2M-CF1CP*CF2N+CFIDOCFIM=CFLE*CFIN
CFasCF1IKOCH2NOCF 1COCF2MeCFIDOCFINFCFLE®CF LM
CFS=CF2D0CF2A-CFRESCF20+CF2KOCF JA®CF2C*CFlo
CFOeCF2D0CF23eCF2ERLF2A~CF2KOCF lDeCF2(*(CFlA
CHYelF2DOCF 2M-CF2EOCF2NSCF2K®CF1M-CF2CPCFIN
CHBsCF2DPCF 2NeCF2E®CF 2MeCF2K#CFIN+CF2C*CF IM
DVXA(KST)eDVXAIKST)=CF1/AMS
DVXBIKST)=CF2/AMS

DVXC(KST)=CF3/AMS

DVXD(XST)=CF&4/AMS
DVYA(KST)sOVYA(XSTI=CFT/7AMS
DVYB(KST ) sCFB/AMS

DVYCIKST)=CF5/AMS

OVYD(KST)=CF6/AMS

CONTINUE

jos

311
ROTOR CALCULATION -

DO 428 1=1,8

KST=]

BMXC=040

BMXS2040

BMYC=040

BMYS=20.0

VXC=0,0

VXS=20.0 "

VYC=0.0 ’

VYS=040

XCi1s1)204,0

XS1141)2040

YCilel)=040

Y51191)=0,0

DXC=0+0

NtSs0e0

D’C=0.0

DYS=0.0

G) TO (407:608¢609041006120613041440415)

DXC=1,0

GO 10 18

DAS=1.0

GO 10 418

DYC=140Q

GO TO 418

DYS=1.0

GO TO 418

XCi5:11s1,0

GO TO 418

XSi6el13=1,60

GO 1O 418

YC{Teliele0

GO TO 418

¥YS(8e1)mleD

DO 424 Js)l NS -

BMXCoBXCeDMXALJ) SDXC

BMXSeBMXS+DMXAIJ)ODXNS

BMYCsBMYCeDMYALJ)BDYC

BMYS=8MYSIOHYALI)EDYS

CleOVXA(IIOXC (T 23)-0VXBLIIONS I 0d) - DVXC(J"VCIloJ)-DVXD(J!OVSlloJl

C2oDVXBIJIONC 191 *DYXALIIONS T 0 JIeDVAD(JIOVYCU Lo )=DVXC(IVRYS(I o)

CIe=NVYCIJIORCIL o )=V . L0 JVOXS( 101 +OVYALJIOYCI L 9J)=DVYB(J)O®YSI]0J

1N

CAsDVYDIJIOXCIL o J)=0VYCLIIEXS (] eJ)s0VYBEJIOYCILaJ)eDVYALIIOYS(]0J)

VXCeyXxCeCl

VXSeyxSeC2

Lo o TR

WKST
407

“ns
409
slo
412
413
4ls

a1%
T

la7
1900
1910
192v
1200
1942
1950
1960
1972
1380

T390

2000
2010
2020
20130
2u4C
2u%0 7
2060
2070
2080
2090
21C0
2110
2120
" 2130
2140
2150
2160
T2I70
2150
2190
2200
2210
2220

©T2230

2240
2250
2260
2270
2280

2300
2310
2320
23130
2340
2350
2360
2370
2380
2399
2400

2420
2830
2440
2450
2460

2480
2490
2%00
2310




JYCsyYl+Cl
VYS=yYSse(lh
622 IFINS=J) 42404200423

423 XCtleJel)sXClloJ)eRLIJ)®DXC +3N{J)*BuxC +ON{JY#VXC
XS(1eJo1)12XS{1aJ)+RLIJ)#OXS +8N{J) *8MXS +ONL{JI#VXS
Yo (lededr2YCUlod} R (J)®DYC +BN(J)eBMYC +DN(JYevY(
Yilledel)avSiTeJ)+RLIJI®DYS +8N (U} #BMYS +DN{J)®VYS

SXCEDXCAN{ J) oBUXC+BN(J)#yXC
N(S2NXS+ANT JI#BMXS+AN( J) #YXS
DYCaDYC+AN(J) #EMYC LNt J) #VY(C
2YS=DYS+AN( JIeBMYSEHN( J) #VYS
BAXC=zRVvYXC+RL I J) #VX(C
BMXS2BVXS+RL(J)#VXS
dMYC28MYC+RL(J)2VYC
BVYS2AMYSeRLIJI*VYS

424 CONTINUE
CFM(le])28MXC
CFM(2+]1)=BMXS
CFMU34]1)3BMYC
CFviayl)=8vyS
CFM(5yl)=2vXC
CF¥M{691)=VXS
CFM(7+1=vYC
CFM(8el)=2VYS

428 CONTINUE
CALL EQS

506 VFR=MFR+]
[F{MFR=NFR1) 300+30C+507

) ADVANCE SPEED

507 SPCAL=SPCAL+SPINC

IF{SPFN=SPCAL) 51192259225
PROGRAM END
511 <DC=kNC+1
IF(NCAL=KDC) 51005109229
510 (F(INP) 50942009509
5n9 STOP .
100 FORMATI49HO . )
101 FORMAT{]17HOFRFAUENCY RATIQS)
103 FCRMATI4(IXEL2e6)) -
104 FORMAT(16HOYUNNGS MODULUS=s Elé4e7)
105 FORMATI(7]5)
108 FORMATI(58H0 STATIONS NOJuERGSe NOOFREQD NUSPEED PEDSFLEX 1
1NP)
110 FIRMAT(4X14sb61AX]IN0Y) .
111 FIRMAT(14HO ROITOR NATAY ~ 7 7 -
114 FIRMAT(GX]49TXEL 0L 0 1XE13e601XEL13eb0iXE1306)
116 FIRMAT(S74 STATION NOe MASS LENGTH CROeSECTeINER
17 (I1P=1T7))
117 FIRMAT(GX149s7XE13ebolXEL1346)
118 FORMAT(10(1IXIG))
120 FURMAT(18HOREARING STATIONS )
121 FONMAT(26' iy BTARINS AT STATION NOeol3)
122 FORMAT(52+0 KXX . aCxXx KXY ACxvY)
129 FORMAT(52H0 LYY wCYY KYX weyx)
124 FORMAT(4LIMN0 INSToFREQGRT MASSH(FRIED)#e2 AHFIGHT® (W) #2)
125 FORMATI6(IXELT1e4)) :
175 FORMATIIX]14e4XE1 %0 1XEllebolXEllabolXEllebolXELLlobolXELLled)
127 FORMATIT60 3%Ge Te MASSeX=D1R, KX (@ MASSeY=DIR
le <y cy)
128 FORMAT(1949 P=DESTAL NATA)
161 FORMAT(42~OINITIAL SPEED FINAL SPLEED SPEED INCRe)
146 FORMATIIINMIRGLEIDY FPCENS, E136603IMRPM)
147 FORVMAT(4VNE FIETeRAT, D{TERMINANT RE(DET) IMIDET)

254V
253J

2540

- 2590

2560

2570
' 2580
. 2590

2600
2610
2620

1 2630
1 2640
© 2650
- 2660

2670
2600
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2190
2800
2810
2820
2830
2840
2850
2860
2870
28480
2890
2900
2910

. 2920
- 2930
. 29640
. 2950

2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
v90
3100
3110

“3lz0

3130
3140




148

$SIAFY

890

851

852
8%

854
455

8%6

890
SIBFT
<

11
12
13
16

19
16

L SRR

1 ENTRGY )

FORMAT{42HO B8R5.STATION THAT oFREZeRPM  INST(uELGHT)

ENN
C+%EQ5 V9L sXR?

SURARCJTINE €3S

T IMMNN XCUQe1D)eX5{9+301eYC{9030)e35()0301sDMXALI0)DMYA[30) 0V

1XA030)eDVX31IR)eDVEDIINY4NVYA{ID)eDVYBI30)eOVYCIITIoBVYD(30)oDVXCH
2301 e MI A eRLIID)eRG (30 eRIPI10) sANI30) +BNII0IUNI3I0)
3 Lu(10).uxxl(lOi.ncxxa10!.9(!1(10!.8(:1(1uloBKVV(lu)-d(YV(
430)eRKYX{10)eRCYXILIN)e2AIMSIINI oBRFARIL10)oFRZIN]I00)FREQ(L1ILICIs PMXI
S10)ePMY {10} ePYXL10) oPCXIID)ePKYL101ePCY{]10) CFM{B8e8)sENT{9)
6sCLNR(B) o 32N113¢8)1sB2NPIBo0) ed2N2( 8081 oCFIeFRuDT ¢LURIVESENGY]I en321
182P,R22

PRNI=1,0

N -850 11,8

ENTI1)=2060

ND) BS0 Jzl.8

BINYI(Ted)aCFMU]4JY

CAML MATINVIG2NLo8eENT »14NT)

Dr=S3RT(PRY3IANT)

v)s?

DCFM(14])

NEaCFU(],42)

NY usY Jw]leMD

NO 482 Js=]4¥D

B2N1(TeJieCFM(L )

B2NP({]eJYt2aCFMiT4J)

B2N2{1eJ)sCFM(]1eJ)

B2NP(1e¥N)sCFV(]eMDe1)

CALL VMATINVIZINLeMDeENTH1e821)

CALL MATINVIB2INP ¢MDGENTo]1eH2P)

IFIMN=T7) 8955,8%44854

ENGY1®3414159270d2P

"D=MD-1]

CALL MATINVIS2N2eMOGENT o) ed22)

B23«421/822

A2P=B821/R22

Cl1=R21%DR-H2PeDE

NE=R218NE+B82PWNR

DR=(C}

MDsMn -1

IF(MD=3) 65648514851

WRITE (HoBEOIFRWeDT DR DEIENGY]

RETURN

FORMATIS5{1XEL2e6)) )

END
C SMATIN WV94XRY?

SUBROUTINE MATINY {(AsNetdeMeDETER]

MATRIX INVERSION WITH ACCOVPANYING SOLUTION JF LINEAR EQUATIONS
DIMENSION A(Be8 14819 1elPIVIIY 1ePIVOT(9 )

DETER =1,0

DO 17 Jsl N

XCs0

Xy

DO 14 Is14N

IC€tALTed)) 11,412411

K”e)

TTtAGIe1) ) 13416013

Xe]

CINT INUF

15I(KC) 195016019

IF(KR) 17016417

DETER=0,0 .

. P i e O ', DI G
B ’ |

315¢
3le¢
317C

Suiv
[VRe-2H
wlh:
[N A
[¥1v3. 1V
00¢z
wluU
vll.
ulzn
012¢
014
0150
01e6cC
Q17
vlac
U119l
0200
0210
02290
0230
7260
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
035¢C
0360
0370
9300
0390
0400
0410
0620
0430
vhhy
04b50

wulo
V020
U0 40
0050
0060
0070
[e1e].14)
U090
0100
0110
tj20
0130
U1l60
U150
a16¢
al7¢



[a¥a¥al

[a RaXal

nMNnN

[aNa¥al

1?7

20

60
80
85

100
105

140

200

260

3150

38

4ng

450

250
600

50 T9 600
CONTINUE

DO 20 Jxlen
IPIvO(J) =0
DO 550 Ix1.N

SEARCH FOR PIVOT ELEMENT

AMAX=0,40

DO 10% J=1,N

iF (IPIVO(L)=-1) 60+105%5460

0O 100 k=21,

IF (IPIVO(K) -1) 80, 100+ 600
IF ‘ABSIAMAX’—ABSlA‘JO"’l 854100s100
IROway

ICoLy =x

AMAXEAL joK )

CONTINUE

CONT INUE
IPIVO(ICOLU)3IPIVO(lCOLU)*I

INTERCHANGE RnwS T0 PUT PIVOT ELEMENT ON DIAGONAL

IF (1ROwW=1COLY) 140+ 260+ 140
DETER =«DETER

DO 200 L=1,N
AMAX3A{1R0WsL )
A(lRowa)IA(lCOLU’Ll
ALTCOLUSL ) 2AMAK
AYMax=B11R0wW)
BOIROW) =28 ( 1COLY)
BOICOLY) xaMAX
P(VOY(II'A(ICQLU!ICOLUl
D=TER *DETER#DIVOT ;)

DIVINDE PIVOT Row Ay PIVOT ELEMENT

4(!(0LU-1COLU)=I-O

20 350 L=l4N
A(lCOLUoLlaA(lCOLU-LJ/PIVOYII)
8(1(0Lu!=d((COLU)/PlVOT(ll

REDUCE NON-PIyO1 RUWS

DO 550 L1=1,N
IFtLl-t1coLu) 400 5504 400
AMAK:AILX-KCOLUl

AfLlsiCCLUY) 2Ne0

00 450 Lx14N - ‘
A(Ll-L)!A(Ll.LlsA(ICOLUoL)'AiAx
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INPUT FOR PNOOL17:

STABILITY OF A FLEXIBLE ROTOR IN FLUID FILM BEARINGS

Card 1 Text Col. 2-49
Card 2 (615)

NS Number
. NB Number
. NFR  Number
NCAL Number

(< SRV I B " LR

Card 3 (1XE13.6)

of rotor mass stations (< 30)
of bearings (< 10)
of frequency ratios (< 100)

of rotor speeds

. NPST O: Rigid Pedestal 1: Flexible pedestal
0: more input follows 1: last set of 1n§ut

1. E, Youngs modulus, lbs/inz‘

ROTOR DATA

FORMAT (4(1XE13.6) )

Give one card for each

Rotor Station Mass

punch) lbs. .

rotor station, in total NS cards

Length of Shaft Sec| Cross sectional Mcment Polar-Transve:

of Inertia, in

inch

Mass Moment ot
Inertiu 2
1bs.in

117




Rutor Stations with Bearing Support
(10(1X14) )

Give NB irems

Pedestal Data

(6 (1XE11.4) )
Applies only when NPST = 1. Give one card for elchbbeartng, in total NB cards.

Pedes .Mass |Pedes.Stiffn. | Pedes.Damping | Pedes.Mass. | Pedes.Stiffn.| Pedes.Damping

x-direction|x-direction x-direction y-direction | y-direction y-direction

lbs. 1bs/in 1bs.sec/in 1bs. 1bs./in lbs.sec/in

EREQUENCY RATIO VALUES
(4(1XE13.6) ) . _ ' B

Applies only when NFR 2> 1. List as many values as given by NFR, 4 values per card.

118

— fr e e e A A o o s s TR M

C ot e ks n L e o -




BEARING DATA

Repeat the following input as many times as given by NCAL

Speed Data (4(1XEL13.6) )

1. Initfial Speed, RPM
2. Final Speed, RPM
3. Speed Increment, RPM

Bearing Coefficients
(4(1XEL13.6) )

Give 2 cards per bearing with 4 coefficients per card, in total 2 NB Cards

K ,oC LK ,aC
xx’ xx" Ry’ %)
: ' . K iw 'K "A'c
N yy" Ty yx* Ty
K ,oC ,K .,
xx XX Xy y:?
K ,wC K ,uC
yy yy yx y»
=
1
119
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